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i 
Abstract 
The purpose of this project was to evaluate available BMPs and ultimately design a system 
which reduced both sediment and nutrients in stormwater and nonpoint source pollution. 
Emphasis was placed on the design process which included the assessment of existing 
conditions, preliminary design development, detailed design, and the preparation of construction 
drawings and specifications. A stormwater conveyance model was developed to aid in the final 
design of an infiltration basin with presedimentation forebay which addressed stormwater quality 
issues determined from actual stormwater samples. 
  
PPM0904 
Stormwater & NPS Pollution 
 
ii 
Acknowledgements 
 
Professor Paul P. Mathisen 
WPI Associate Professor - Project Advisor 
 
Professor Suzanne LePage 
WPI Adjunct Professor 
 
Professor Jeanine D. Plummer 
WPI Associate Professor 
 
Donald Pellegrino 
WPI Civil & Environmental Engineering Lab Manager 
 
Dean Daigneault 
WPI Civil & Environmental Engineering Lab Manager II 
 
Christopher P. McClure 
Owner, McClure Engineering, LLC 
 
Vincent Vignaly 
DCR Water Supply Protection - Wachusett Reservoir 
 
  
PPM0904 
Stormwater & NPS Pollution 
 
iii 
Capstone Design Experience 
This project is being used to satisfy the WPI Civil & Environment Engineering Capstone design 
requirement. In order for a project to satisfy this requirement it must draw together diverse 
elements of the curriculum and develop students competence in focusing both technical and 
nontechnical skills in solving problems. As a result, the project was designed to evaluate and 
solve an open-ended design problem based on the six realistic constraints identified by the 
Accreditation Board for Engineering and Technology (ABET). These constraints include 
constructability, sustainability, environmental, economic, social, and health & safety. 
Environmental 
The environmental impacts of designing and implementing stormwater best management 
practices (BMP) are displayed throughout the project. Particular emphases on environmental 
effects are addressed in Chapter 3 and the methodology behind implementing BMPs. This trend 
continues through to Chapter 5 where a design which reduces the concentration of sediments and 
nutrients in stormwater and nonpoint source pollution is proposed.  
Constructability 
A major goal of the project was to produce a feasible design which addressed the stormwater 
pollution issues. Constructability was addressed across the entire duration of the project from 
beginning planning stages, to preliminary design, all the way through to final construction 
drawings. Upon completion of the final design, comments were gathered from several reviewing 
engineering and added to the conclusions and recommendations section in Chapter 6. 
Sustainability 
The ultimate selection of stormwater BMPs was based heavily on sustainability. Maintenance 
issues which were to arise from alternative designs eventually made the selection of an 
infiltration basin with presedimentation forebay the most viable choice. The ease of maintenance 
of the presedimentation forebay along with a concise maintenance schedule made the proposed 
design sustainable for years to come.   
Economic 
All engineering alternatives were evaluated not only for effectiveness but also for the economic 
impact on the owner. Cost estimates accompany the preliminary designs established in Chapter 4 
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and a final detailed estimate was created for the construction of the final design and made 
available in Chapter 5.  
Social 
The final design was modified to take into consideration several design challenges that could 
potentially impact the community. These considerations are particularly evident in the provisions 
made to minimize the effect on the community in the event of a system failure. If the system 
were to fail an emergency spillway is installed which diverts water out of the basin and into an 
adjoining wetland. The wetland acts as a buffer to prevent the stormwater conveyance system 
from becoming inundated and eventually failing/ flooding the intersection of Route 140 & 62. 
Health & Safety 
There were two approved treatment BMPs that were made available through the Massachusetts 
Stormwater Handbook, namely infiltration basins and wet basins. Infiltration basins are 
stormwater runoff impoundments that are constructed over permeable soils. Runoff from the 
design storm is stored until it exfiltrates through the soil in the basin floor. Conversely, wet 
basins use a permanent pool of water as the primary mechanism to treat stormwater. The pool 
allows sediment to settle and remove soluble pollutants. 
Ultimately, the infiltration basin approach was selected due to several key disadvantages 
associated with wet basins for this application. This was primarily due to the fact that the area is 
often used as a staging area to launch canoes into the Stillwater River. As such, a standing pool 
of water could potentially cause a hazard for pedestrians. Additional problems that arise from a 
wet basin is the need for insect control; because of this, an infiltration basin was selected to 
maintain health & safety standards.  
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Chapter 1 – Introduction 
In the fall of 2010 the original Route 62 bridge which spans the Stillwater River in Sterling, MA 
is slated for replacement after 87 years of service. The scheduled bridge reconstruction provided 
the perfect opportunity for the Massachusetts Department of Conservation and Recreation (DCR) 
to greatly improve the existing stormwater infrastructure in the vicinity of the site. 
The existing infrastructure collects stormwater from a 33 acre drainage area with 1.88 acres of 
impervious area. This stormwater is collected by 3,600 linear feet of storm drain and 
subsequently discharged directly to the Stillwater River without any treatment. As a result, a 
large amount of sediment and various pollutants are currently being contributed directly to the 
Stillwater River, which feeds the Wachusett Reservoir. 
 
Figure 1a – Route 62/140 Intersection & Figure 1b – Stillwater River Discharge  
The goal of this project is to address the pollution and establish the appropriate Best 
Management Practices (BMPs) to remedy the problem. In order to select BMPs to reduce 
contaminants contributing to the Stillwater River the following steps were undertaken: 
• Collect & analyze stormwater samples to establish raw water quality 
• Monitor stormwater effluent at the Stillwater River and model storm event for use in 
HydroCAD
©
 model 
• Survey site to establish existing property boundaries and map the existing stormwater 
conveyance system 
• Model existing stormwater conveyance system using HydroCAD© to determine peak 
flow and required storage 
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• Compare and contrast available BMPs with emphasis placed on contaminant removal 
efficiency and capital expense 
• Select appropriate BMP to meet primary project objective 
• Design stormwater treatment system 
In order to meet these project objectives it is important to understand the existing system and 
some of its deficiencies. Figure 2 details the drainage area that contributes to the existing system. 
The drainage area is approximately 32.18 acres with only 1.88 acres of impervious area, or 6% 
impervious coverage. 
 
Figure 2 - Drainage Area Map 
The runoff from 32 acres of drainage area is collected and directed to the Stillwater River, where 
it is subsequently discharged prior to any treatment. This configuration allows a significant 
amount of total suspended solids (sediment) and various other pollutants including nitrogen, 
phosphorus, hydrocarbons, and other constituents to enter the waterway. This poses a significant 
problem because the Stillwater River contributes directly to the Wachusett Reservoir, which is a 
public drinking water supply for hundreds of thousands of individuals in the Boston area. 
In order to reduce the amount of pollutants contributing to the Wachusett Reservoir it is 
advantageous to remove both non-point and point source pollution. Numerous options are 
available to facilitate the reduction of pollution in runoff. These options include the installation 
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of pretreatment BMPs such as deep sump catch basins, oil/grit separators, and sediment forebays. 
These pretreatment devices are typically used as a first line of defense for other treatment 
technologies which fall under the general category of treatment BMPs. These technologies 
include bioretention areas, constructed stormwater wetlands, extended dry detention basins, and 
wet basins. Additionally, infiltration BMPs may be implemented to achieve higher removal rates 
for specific contaminants. These BMPs include dry wells, infiltration basins, subsurface 
structures, and leaching catch basins. Yet more BMPs are available for the treatment of 
stormwater which include dry detention basins, green roofs, and porous pavement. 
This project will focus on preliminary design practices for the selection of pretreatment devices, 
and treatment BMPs, and the detailed design of infiltration BMPs. The results from these 
analyses will subsequently be analyzed to determined the most efficient, and cost effective 
design. However, before it is possible to select the most appropriate treatment technology it is 
necessary to obtain a thorough understanding of stormwater and the constituents present. This 
understanding will lay the groundwork for the selection and subsequent design of site specific 
stormwater BMPs. 
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Chapter 2 – Background 
Before the design process can begin it is important to have a thorough understanding of the rules 
and regulations surrounding stormwater quality and how those rules relate to selection of 
stormwater best management practices (BMP).  The following sections provide a brief outline of 
the history of stormwater management and various constituents that are often found in urban 
runoff.   
2.1 – Stormwater Regulations 
The United States Environmental Protection Agencies (US EPA) amended its Clean Water Act 
to provide a statutory basis for the National Pollution Discharge Elimination System (NPDES) in 
1972. The implementation of the NPDES gave the US EPA the ability to maintain, protect, and 
restore the water quality of streams, lakes and rivers throughout the country. Under the NPDES 
Phase 1 Stormwater Program, the US EPA, since 1990, has issued general permits for municipal 
separate storm sewer systems in cities and counties with populations of 100,000 or more, 
stormwater runoff from specific industrial activities, and stormwater runoff from construction 
sites that disturb 5 acres or more of land.  In 2003, the NPDES Phase II Stormwater Program 
took effect, and US EPA began regulating municipal separate storm sewer systems in additional 
urbanized areas, and stormwater runoff from construction activities that disturb one acre or more 
of land, through a general permit.
1
 
In addition to the NPDES regulations, the Clean Water Act (CWA) introduced the basic structure 
necessary to regulate the discharge of pollutants from point sources to the waters of the United 
States
2
. Point sources are defined as any single identifiable conveyance from which pollutants 
are currently or potentially could be discharged. In an effort to control both point source and 
nonpoint source pollution the MassDEP issued the Stormwater Policy that established the 
Stormwater Management Standards in 1996. Since that time, MassDEP has applied the 
Stormwater Management Standards in accordance with the authority provided to them under the 
Massachusetts Clean Waters Act, and the Wetlands Protection Act.
1
 
The Stormwater Management Standards (see Appendix C) state that stormwater management 
systems shall be designed to remove 80% of the average annual post-construction load of Total 
Suspended Solids (TSS). This standard is met when: 
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a. Suitable practices for source control and pollution prevention are identified in a long-
term pollution prevention plan, and thereafter are implemented and maintained; 
b. Structural stormwater best management practices are sized to capture the required 
water quality volume determined in accordance with the Massachusetts Stormwater 
Handbook; and 
c. Pretreatment is provided in accordance with the Massachusetts Stormwater Handbook. 
The Massachusetts Stormwater Handbook  
The Massachusetts Stormwater Handbook then references a set of standards determined by the 
MassDEP which provide regulatory limits, known as Total Maximum Daily Loads (TMDLs), for 
receiving waters throughout the state (see Appendix B for direct link to TMDLs). If a project is 
proposed within the watershed of a water body with a TMDL, and if the project is subject to 
wetlands jurisdiction, structural Best Management Practices (BMPs) that are consistent with the 
TMDL must be employed.  Because pollution prevention is an interest identified in the Wetlands 
Protection Act, conservation commissions and MassDEP may require use of such BMPs when 
reviewing projects subject to jurisdiction under the Act.  The TMDL may contain information on 
appropriate BMPs.
1
 
2.2 – Stormwater Quality Parameters 
One of the major objectives of stormwater management is the reduction of pollutants within 
stormwater that cause unwanted physical, chemical, and biological changes in receiving waters.
3
 
Some of the adverse affects that may be encountered are algal blooms, fish kills, floating debris, 
aesthetic changes, and perhaps most importantly violation of receiving water standards. In an 
effort to minimize the aforementioned problems it was necessary to implement regulatory limits 
for several constituents typically found in stormwater. These pollutants are often present in 
quantities which exceed the amount necessary to the demand for a well balanced ecosystem. 
When these quantities are exceeded, the constituents begin to cause undesirable changes in 
species and the diversity of plant and animal populations. It is only when this occurs that they are 
officially classified as pollutants. 
Although the water quality parameters for stormwater pollutants make up a long list they can 
generally be divided into seven main categories
3
: 
1) Sediment, Nutrients, and metals 
2) Oxygen-demanding and inert material 
3) Particulate and dissolved 
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4) Chemical, biological, and physical 
5) Toxic and nontoxic 
6) Organic and inorganic 
7) Other 
2.2.1 – Sediments 
Sediment content in water is measured as suspended solids, volatile and nonvolatile suspended 
solids, turbidity, and settleable solids.
3
 Although some sediment is tolerated in a stream, too 
much can lead to highly turbid waters and adverse effects may arise. These effects may include a 
reduction in light transmission resulting in reduced growth, clogging of fish gills, reduced 
spawning areas, rapid sedimentation and filling of water bodies, and reduction in aesthetic 
values. It has been determined that high suspended solids levels are also related to longer 
bacterial survival rates because of an abundance of nutrients and protection from sunlight.
3
 
2.2.2 – Oxygen Demand 
Free, or dissolved oxygen (DO), is necessary in water to maintain life. In the oxidation of 
organic matter by biological activities, oxygen from water is used. All oxidizable matter 
consumes oxygen from the water which is replaced from the atmosphere or produced during 
algal and plant photosynthesis. Low DO levels result when the rate of oxygen-demanding 
material exceeds the rate of replenishment. Fish kills and reduction in aesthetic values are 
commonly associated with low-DO concentrations in the water.
3
  
2.2.3 – Bacteria 
Bacteria are unicellular, prokaryotic organisms classified by their morphology, chemical staining 
characteristics, nutrition, and metabolism.
4
 Bacterial contaminants are related to public health 
measures and impair the use of public water supplies, irrigation, fishing, and recreation. Bacterial 
effects from stormwaters generally occur within a few days to a week following a combined 
sewer system overflow or a storm sewer discharge. However, groundwater inputs high in 
bacterial populations may persist in receiving water bodies long after a runoff event.
3
 
Most bacteria are heterotrophic, which means they obtain their nutrition and energy requirements 
for growth from organic compounds.
4
 Some common bacterial found in stormwater are coliform, 
fecal coliform, and specific pathogens, such as Shigella, Salmonella, and Clostridium. These 
PPM0904 
Stormwater & NPS Pollution 
 
7 
bacterium have been related to duck kills in lakes in addition to serious health problems among 
people.
3
 
2.2.4 – Nutrients 
Nutrients are chemicals that stimulate the growth of algae and water. Of particular concern are 
macronutrients which include carbon, nitrogen, and phosphorus. These nutrients are needed in 
very small quantities to promote growth of organisms. Excessive macronutrients will often result 
in an increase in algal activity which will cause an increase in respiration by plant and animal 
life. This can potentially lead to problems with surface algal scum, water discoloration, odors, 
toxic releases, and overgrowth of plants. As a result, it is important to measure for nutrients 
using tests such as total nitrogen, organic nitrogen, total Kjeldahl nitrogen (TKN), nitrate, 
ammonia, total phosphate, total organic carbon (TOC), and indirectly algamass and chlorophyll 
a.
3
 
Phosphorus levels in most pristine natural wetlands are well below regulatory ranges for most 
receiving waters.
4
 However, it must be recognized that many natural wetlands are not pristine 
because they are affected by point and nonpoint discharges of water from agriculture, industry, 
and municipalities. Phosphorus is essential to the growth of algae and other biological 
organisms. In order to reduce to possibility of noxious algal blooms and maintain the health of 
the ecosystem it is imperative to monitor phosphorus levels. As such, the MassDEP in 
conjunction with the US EPA have set regulatory limits on phosphorus depending on the 
receiving waters. 
Organic Nitrogen is formed in wetlands as a product of biomass decomposition. Proteins 
degrade to small organic species such as amines, which in turn degrade to ammonium nitrogen. 
This ammonium nitrogen is the preferred form for plant growth.
4
 However, in the winter months 
plant growth is minimal causing ammonium nitrogen levels to increase significantly. These 
elevated levels remain in the water for the next growing season. 
Total organic carbon is often used to represent the amount of carbon found in the water. 
Carbon compounds are prevalent in the wetland environment because of the large amounts of 
biomass that occupy the ecosystem.
5
 Determining the total organic carbon can be used to gauge a 
waters pollutional characteristics. 
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Nitrate and nitrite nitrogen are usually absent from natural wetland waters, in the sense that 
concentrations are frequently at or below the lower detection limit. Levels are typically low 
because denitrification is efficient in the natural wetland environment since the necessary carbon 
source is present together with the conditions which favor the utilization of nitrate as an electron 
acceptor. This is significant because if nitrogen in the form of nitrates can be reused to make 
protein by algae and other plants, it may be necessary to remove or reduce the nitrogen that is 
present to prevent these growths.
6
 
2.2.5 – Metals  
A wide variety of metals are present in stormwater. Beyond threshold concentrations most cause 
toxic effects. Health problems and heaths have been known to result. The most common metals 
in urban runoff are zinc (Zu), copper (Cu), and lead (Pb). When these toxic materials are found 
in concentrations high enough, delayed oxygen consumption is present until the toxic material 
concentrations are reduced to a level that permits biological activity. Stream standard 
conce3ntrations have been violated when stormwater was present.
3
 
2.2.6 – Other Toxic Chemicals  
Priority pollutants are generally related to hazardous wastes or toxic chemicals and can 
sometimes be detected in stormwaters. Measures of priority pollutants in stormwaters include 
phthalate, phenols and cresols, pesticides and herbicides, oils and greases, metals, and many 
others. For instance, chlorides, which are applied to control snow and ice, are extremely soluble. 
As a result almost all chlorides applied to snow and ice control end up in surface or 
groundwaters which can potentially inhibit aquatic life.
3
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Chapter 3 – Methodology 
The selection of stormwater best management practices (BMPs) for reducing Total Suspended 
Solids (TSS) at the site located south east of the intersection of Rt140 and Rt62 in Sterling, MA 
can be broken down into several key phases which make up the design process. These phases 
include: 
 The assessment of existing conditions 
 Concept and preliminary design development 
 Detailed design 
 Preparation of construction drawings, specifications, and contract documents 
3.1 – The Design Process 
The four primary phases of the design process are discussed in more detail in the following 
sections. 
3.1.1 – The Assessment of Existing Conditions 
The assessment of existing conditions provides a broad view of the urban drainage system and 
how its various components interact with one another. In order to obtain a better understanding 
of what BMPs are typically utilized in Worcester County, Vincent Vignaly, engineer at the 
Massachusetts Department of Conservation and Recreation (DCR) Water Supply Protection 
service for the Wachusett Reservoir was contacted for assistance. From this meeting, several 
design solutions were proposed which included the installation of a Stormceptor stormwater 
pollutant removal system, StormTech subsurface stormwater management system, a traditional 
stormwater infiltration basin with CrystalStream Technologies structural BMP for effluent 
treatment, and an infiltration basin with pre-sedimentation forebay. 
3.1.2 – Concept and Preliminary Design Development 
The preliminary design drawing consisted of topographic mapping obtained from the 
Massachusetts Office of Geographic and Environmental Information (MassGIS) on which 
streets, land parcels, and proposed storm-drainage facilities were superimposed. The estimated 
drainage basin was determined and was referenced to accompanying hydrologic estimates of 
design flows. 
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After completion of the preliminary system design for the four designs detailed in Section 3.1.1, 
it was possible to select the most appropriate stormwater BMP to resolve the issues experienced 
on site. Upon selection of the appropriate BMP, it was necessary to create detailed design 
calculations. See Section 3.1.3 for more information. 
3.1.3 – Detailed Design 
Following approval of the preliminary design by the appropriate jurisdictional authorities (in this 
case Vincent Vignaly), it was possible to proceed with the detailed design. The purpose of this 
phase was to create a detailed engineering analysis of the selected system which served as the 
basis for the design described by the construction plans and specifications. Detailed hydrologic 
and hydraulic analysis was performed at this stage in order to finalize design discharges and 
determine the dimensions of hydraulic structures, including but not limited to pipes, inlets, 
ponds, energy dissipaters, and weirs. The detailed design phase also signaled the commencement 
of the final phase which included to the completion of the final construction drawings, and 
specifications. This phase is covered in more detail in Section 3.1.4. 
3.1.4 – Construction Drawings, Specifications and Contract Documents 
The plans were to consist of a plan and profile view showing horizontal and vertical alignments 
of new and existing facilities along with all the dimensions required for a survey crew to lay out 
the system in the field. The plans were to include the locations, elevations, and dimensions of all 
proposed pipes, inlets, manholes, and other system features, and showed approximate locations 
of existing utilities that could potentially pose conflicts. Additionally, existing land features such 
as curbs, walks, and other structures requiring demolition and subsequent replacement were 
shown. 
Contract documents were not created or required for this report. As such, technical specifications 
which spelled out the required construction methods and material types, classes, and testing 
requirements were not determined. Despite the lack of any need for technical specifications, a set 
of construction drawings was required. The first step in creating these drawings was to complete 
an existing conditions site survey. The resulting drawings provided a base map for not only the 
preliminary design calculations but also for the detailed design and construction drawings. The 
creation of the existing site plan is detailed in Section 3.2.  
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3.2 – Existing Site Survey - Constraints and Considerations 
After completing the stormwater quality analysis it was then necessary to perform a full site 
survey to facilitate the creation of an existing stormwater conveyance model (section 3.3), 
determine how much area was available on site, and create a base map for the design of a 
proposed stormwater treatment system. 
In order to accomplish these goals several key pieces of information needed to be gathered prior 
to the commencement of the site survey. Most importantly, a significant amount of research at 
the Worcester County Registry of Deeds was required to establish current property boundaries 
for the site. Additional research at the registry and at the Massachusetts Highway Department 
was required for establishing the sidelines of Route 140 and Route 62. Furthermore, soil and 
water table maps from the Natural Resources Conservation Service (NRCS) were required for a 
general understanding of current soil conditions. 
3.2.1 - Parcel Boundary Research 
The research revealed that the site located at the intersection of Rt 140 and 62 in Sterling, MA 
contained approximately three quarters of an acre. Records also show that the property was 
originally purchased by James E Simpson & Maro P. Flagg, Jr. in August of 1983 from Marjam 
Enterprises, Inc. for twenty two thousand dollars. After several years of ownership the parcel 
was formally surveyed in December of 1987 by Richard W. Gueraro, R.L.S. of Westborough, 
MA for the owners. After completion of the survey, the plan remained unfiled until June of 2003, 
when it was finally submitted to the Worcester County Registry of Deeds and filed under 
P.B.796 PL.33. Prior to submittal of the plan to the registry, the Commonwealth of 
Massachusetts Metropolitan District Commission filed an order of taking for the purpose of 
taking ownership of the site, in fee, for “watershed preservation, protection and operation 
purposes”. The taking was accepted by the registry on August 19, 1993 and is filed under 
D.B.15530 PG.305. The document shows that the original owners, James E. Simpson & Maro P. 
Flagg, Jr., were compensated $65,000 dollars for the land. 
It was important to recognize that the land was taken through eminent domain because it opened 
up the possibility that additional, adjacent land, may have been obtained through similar means. 
In this instance, that proved to be that case and on December 18, 1986 the Commonwealth of 
Massachusetts Metropolitan District Commission filed an order of taking for the neighboring 
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parcel to the south. This parcel, also shown on P.B.796 PL.33, contains roughly 10 acres with 
over one thousand feet of frontage along the easterly line of Redemption Rock Trail also known 
as Route 140. Knowing that the Commonwealth of Massachusetts owns both of these parcels 
may significantly impact the design of the stormwater treatment system because there is 
significantly more area to work with. 
3.2.2 – Right of Way Research 
A quick search of the MassDOT website revealed that there were no state highway layout plans 
located at the intersection of Route 140 and 62. This was a strong indication that the roads has 
been laid out by the Worcester County Commissioners. This was confirmed by pulling Decree 
869, Plan H-2194 R (D.B. 68 PL.1) and Decree 703, Plan H-2077 (D.B.50 PL.10) at the 
Worcester County Registry of Deeds. The two plans detail the original layout of Route 62 
(Princeton Road) from the Princeton-Sterling town line to Sterling center. 
3.2.3 – NRCS & FEMA Research 
The primary purpose of using Natural Resources Conservation Service (NRCS) maps was to 
determine the general quality of soils in the vicinity of the site. Additionally, water table 
information was useful in compiling some preliminary site constraints that would potentially 
affect the design of a stormwater treatment system. The NRCS Soil map below shows soil unit 
classifications of 254B and 260B as being the primary soil types on site. 
  
Figure 3 – NRCS Soil & Depth to Water Table Map 
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Class 254B, or Merrimac fine sandy loam, is typically located in areas where slopes are between 
3 and 8 percent and have a depth to water table of less than 200 centimeters (approx. 80 inches). 
The capacity of the most limiting layer to transport water is relatively high at 2 to 6 inches per 
hour. Bedrock is located at greater than 80 inches. Class 260B, or Sudbury fine sandy loam, is 
typically located in areas where slopes are between 3 and 8 percent and have a depth to water 
table of around 69 centimeters (approx. 27 inches). The capacity of the most limiting layer to 
transport water is also relatively high at 2 to 6 inches per hour. Not unlike Merrimac fine sandy 
loam, bedrock is typically located at greater than 80 inches. This soil classification data is useful 
for several reasons; primarily because it is now known that the existing soils could potentially 
facilitate exfiltration from a proposed infiltration facility, but also because it is known that there 
is a possibility of high groundwater table.  
Due to the relatively high groundwater table, and the sites position next to the Stillwater River, it 
would be beneficial to determine if the site was subject to flooding. By searching the Federal 
Emergency Management Agency (FEMA) for flood maps a flood elevation could be established 
and superimposed on the site plan. After pulling flood map community panel number 250336-
0012B, dated June 15, 1982, a 100 year flood elevation of approximately 431 feet was 
established. Although this is valuable information, it would be difficult to correlate the data with 
a proposed design without tying into a common benchmark. There were two possible 
benchmarks located near the site; the first is denoted in the FIRM map shown in Figure 4 by 
RM14, and the second being a Mass Highway survey disk (#15188) located on the southeast 
wing wall of the Route 62 bridge over the Stillwater River.  
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Figure 4 - FEMA Flood Map 250336-0012B 
After attempting to field-verify the two available benchmarks it became apparent that the 
original monel rivet set on the North West wing wall to denote benchmark RM14 was missing. 
This posed a problem during the survey because the two benchmarks are on different vertical 
datums, with benchmark RM14 being located on National Geodetic Vertical Datum of 1929 and 
benchmark 15188 being located on the North American Vertical Datum of 1988. These two 
vertical datums are significantly different from one another with errors ranging between 20 and 
40 centimeters in the north east.
7
 Without being able to field verify the difference in elevation 
between the two points it was necessary to apply a correction factor to tie the two benchmarks 
together with corresponding elevations on a common plane. 
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Table 1 - VERTICAL CONTROL POINT INFORMATION 
VERTICAL CONTROL POINT INFORMATION 
Selection of BMPs for Stormwater Pollution Control 
 At the Intersection of Rt 140 and Rt 62 - Sterling, MA 01564 
MHD_ID Station Quad Datum Order Elevation Description 
15188 W 17 1937 STERLING NAVD88 2nd 133.301m 
LOCATED 2.7 MI WEST OF STERLING, 0.05MI EAST OF 
JUNCTION OF ROUTES 62&140 AT MOORES CORNERS IN 
THE SOUTHEAST WINGWALL OF ROUTE 62 BRIDGE OVER 
STILLWATER RIVER 
 
Since the updated vertical datum is generally considered to be more accurate it is the standard for 
virtually all plane surveys in North America today. Due to this, it was determined that the best 
plan of action would be to hold NAVD 88 and correct the elevations found on the firm map. The 
correction factors were created using a vertical datum transformation model known as 
VERTCON. As described by its inventorcreator, VERTCON 2.0 was created in 1994 using 
381,833 datum difference points to model the differences in elevations between NGVD 29 and 
NAVD 88 across the lower 48 United States. 
Due to the nature of the datums, the elevation difference between the two varies significantly 
depending on location; because of this, a horizontal position is necessary to accurately estimate 
the orthometric height conversion. Through the use of Google Earth, a position of 42°26’00.33” 
N, 71°48’39.50” W was estimated for benchmark RM14. Plugging these values into VERTCON, 
along with the original benchmark elevation of 438.02 FT resulted in a shift of -0.728 feet. The 
adjusted benchmark elevation for RM14 was then determined to be 437.292 feet, the adjusted 
100 year flood elevation being approximately 430.3 feet. 
Although the difference is not significant in this instance, an elevation difference of 200 
centimeters as experienced in the some areas of Colorado would have resulted in a correction of 
nearly seven feet. For more information regarding VERTCON, see Appendix B for a direct link 
to the National Geodetic Website. 
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Figure 5 - VERTCON Datum Shift Contours 8 
3.3 – Stormwater Conveyance Modeling 
Upon completion of the existing site survey it was possible to create a model of the stormwater 
conveyance system using HydroCAD
©
. A number of procedures for developing estimates of 
stormwater runoff rates and other quantities of interest in hydrology are available to the design 
engineer, but ultimately no universally accepted step-by-step procedures exist.
9
. With the lack of 
site specific design information pertaining to the challenges offered by the site, it was necessary 
to develop a unique approach to quantify the runoff. 
3.3.1 – Stormwater Modeling Considerations 
Before beginning the process of creating a stormwater model, it is important to understand the 
runoff generation processes and flow routing methods needed when determining the loads used 
in stormwater conveyance system analysis. 
The runoff generation process is part of the system known as the hydrologic cycle. In the 
hydrologic cycle, water is evaporated into the atmosphere from the ocean and to a much lesser 
extent from the continents. Winds transport this moisture-laden air until conditions cause the 
moisture to condense into clouds and precipitation to fall. The precipitation that falls into the 
ocean has completed its cycle and is ready to begin another, while precipitation that falls on land 
must make its way back to the ocean.
10
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When rainfall occurs over a drainage basin, a certain amount of it is caught by vegetation before 
it reaches the ground surface; this portion is referred to as interception. The rainfall that does 
make its way to the ground surface can take any of a number of pathways, depending on the 
nature of the ground surface itself. Some water may infiltrate, and some may be trapped in low 
areas and depressions. The water that doesn’t infiltrates or become trapped as depression storage 
contributes to direct surface runoff. This surface runoff may combine with subsurface flow 
and/or groundwater outflow to become stream flow supplying rivers, lakes, and oceans. Water is 
once again returned to the atmosphere by evaporation from vegetation, soils, and bodies of 
water, and by transpiration of vegetation through a process known as evapo-transpiration. 
Collectively, these losses of rainfall are known as abstractions.
9
 
Rainfall Abstractions 
As discussed earlier, only a portion of the total rainfall occurring over a drainage basin 
contributes to surface runoff and stream flow with the rainfall which is ”lost” being known as an 
abstraction. These abstractions can be categorized by three primary groups, namely interception, 
depression storage, and infiltration. It is imperative to understand these abstractions and how 
they alter the total runoff characteristics of a site in order to create an accurate model of a 
stormwater conveyance system. These abstractions, namely interception, infiltration, and 
depression storage are detailed below. 
Interception – The capture of rainfall on the leaves and stems of vegetation before it reaches the 
ground surface is known as interception. Water intercepted by vegetation is returned to the 
atmosphere by evaporation during dry weather periods. On an annual basis, interception can be 
quite significant and in some areas may approach 20 to 30 percent of the total rainfall; however, 
during the relatively short and intense storm events of interest for rainfall and runoff studies, the 
percentage is often much smaller. Interception tends to be greater for coniferous trees when 
compared to deciduous trees which could be significant when modeling drainage basins. Grasses 
can also intercept rainfall and often intercept as much water as trees during individual storms.
9
 
Infiltration – When rainfall occurs on a pervious surface, some of the rainwater infiltrated into 
the ground in response to gravitational and capillary forces. The infiltrated water may contribute 
to groundwater recharge, or it may be taken up by the roots of vegetation and subsequently 
transpired through the openings in leaves. Infiltrated water may also be evaporated from the soil 
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during dry weather periods between storm events, or it may move laterally through the near 
surface soils and reappear as surface water in a stream. 
Infiltration capacity varies greatly between sites and depends to a great extent on soil type. If the 
infiltration rate of a soil is greater than the rate at which rainfall is supplied to the soil surface, all 
rainfall is lost to infiltration. Conversely, if the rainfall rate is greater than the infiltration 
capacity of the soil, surface ponding and/or surface runoff occurs. As expected, sandy and 
gravelly soils generally have higher infiltration rates than silts or clays. For all soils, the rate at 
which infiltration can occur decreases with time and approaches a constant rate as the soil 
becomes saturated.
9
 
Depression Storage – When the rainfall intensity exceeds the infiltration capacity of the soil 
during a storm event excess water begins to pond the land surface. The ponded water fills small 
depressions and irregularities in the ground surface and is retained on the surface due to surface 
tension. Water that contributes to depression storage either evaporates or infiltrates into the soil; 
the non-infiltrated rainfall that remains after the total capacity of the depressions have been filled 
contributes directly to surface runoff. The depression storage capacity of a drainage basin is 
usually expressed in terms of an equivalent average depth of rainfall over the basin. Values for 
depression storage capacity vary greatly depending on site conditions, including the slope of the 
surface and the characteristics of impervious materials which may be present.
9
 
Although these abstractions can easily be overlooked, it is imperative to include them in the 
analysis in order to prepare the most accurate model possible. By observing an actual storm and 
creating a custom, site specific storm event it was possible to take these abstractions into 
consideration. 
3.3.2 – Model Representation 
Once the basic rainfall abstractions are understood it is possible to begin the process of modeling 
the existing storm sewer. The hydraulic analysis of a storm sewer can typically be broken down 
into two major parts: surface hydraulics which include gutter flow and inlet capacity, and 
subsurface hydraulics which includes pipe capacity and energy losses. Most often, these major 
parts are analyzed using a steady state model that ensures the system can handle peak flows. This 
method is sufficient for design applications that do not involve system flooding or storage 
facilitates and for which the peak flows from various subcatchments arrive at the outlet at 
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roughly the same time.
9
 Both of these conditions are present on site, therefore a steady state 
model is employed. 
As stated earlier, the surface portion of the storm sewer system consists of inlets, gutters, and 
other open channels. These are typically modeled as uniform flow in an open channel through 
the use of specialized forms of the Manning’s formula. Inlets in sag locations operate as weirs 
for shallow flows and as orifices for greater flow depths and can be modeled with relative ease. 
The calculations for inlets on grade are more complex as a portion of the flow contributing to the 
inlet may flow over or around the inlet and continue down gradient under peak flow conditions. 
This is known as bypass flow.
9
 HydroCAD is particularly useful in calculating these losses 
automatically, which is one significant advantage to the model. 
There are two possible conditions for modeling flow in the subsurface system. The first is to 
model the pipe as open channel flow. This is done only when the pipe is not full and the water 
surface is open to the atmosphere. The other option is to model the pipe as flowing full closed 
conduit pressure flow calculations are required. Both of these conditions can be easily modeled 
using a software package such as HydroCAD.
9
 
Other considerations that must be made include the fact that in a storm sewer network, the minor 
energy losses that occur at inlets, outlets, and in locations where pipe size or alignment changes 
may be significant. These losses can significantly affect the time of concentration and thus peak 
flow calculations. Several of these conditions were taken into account through the creation of a 
custom storm event for use in HydroCAD as discussed in Section 3.2.2. 
3.3.2 – Creating a Custom Storm Event 
Before creating the custom storm event it is necessary to determine what the most feasible 
hydrologic prediction method is for the project at hand. In general, these hydrologic prediction 
methods can be classified as being either event-based or continuous. Event-based methods are 
concerned with the prediction of a discharge and/or volume of runoff resulting from a single rain 
event. Continuous methods simulate runoff on an uninterrupted basis and include both wet- and 
dry- weather periods. Event-based methods are the traditional method by which stormwater 
conveyance systems have been designed and analyzed;
9
 therefore, the design focuses around the 
creation of a custom event-based storm in which design calculations may be based. 
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The creation of a custom storm event for use in HydroCAD was necessary to accurately estimate 
runoff quantities of larger storms in the future. In order to create this event, the quantity of runoff 
captured by the conveyance system and subsequently discharged to the Stillwater River was 
required; the runoff was quantified by documenting the depth of water running through the 
discharge pipe of known diameter throughout the duration an actual storm. The depth of water 
was recorded using an In-situ LevelTROLL 500 which was mounted to the invert of the 
discharge pipe located at the Stillwater River. The LevelTROLL was set to take readings every 
minute for the duration of the storm. It began raining at approximately 2:30 EST on November 
14, 2009 with the storm continuing until approximately 14:45 EST of the same day. The total 
precipitation observed for the 12-hr storm even was approximately 2.32 inches. With this data, it 
was then possible to create a custom rainfall table for using in HydroCAD; see Figure 6 for a 
copy of the table. 
 
Figure 6 - Custom HydroCAD Rainfall Table 
This rainfall table allows for various storm conditions to be accurately modeled in HydroCAD 
with 2-yr, 5-yr, and 10-yr storm frequencies. These storm conditions provided peak flows and 
water quantities which aided in the sizing of potential stormwater best management practices. 
Additionally, the data collected using the LevelTROLL 500 made it possible to estimate 
discharge prior to any modeling in HydroCAD by applying the Manning’s formula in terms of 
discharge. The flow calculations were made by calculating the discharge through a full 2-ft- 
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diameter circular corrugated metal storm drain; this number was then “corrected” using the 
percentage of flow observed during the storm.  
Manning’s Formula:11 
𝑄 =
1.486
𝑛
𝐴𝑅2/3𝑆1/2 
where: 
n = Manning’s coefficient 
A = Cross sectional area 
R = Channel Radius 
AR
2/3
 = Section factor for uniform flow, which is a function of depth for a given channel section 
S = Slope of energy line, which is equal to channel bottom for uniform flow 
To demonstrate this method, a single discharge calculation was completed for 2” of stormwater 
running through the drain pipe. This calculation was subsequently repeated for every depth that 
was recorded during the storm and plotted with a moving average to remove as many outliers as 
possible with minimal effect on the data. The graph reveals that the peak flow experienced 
during the storm was approximately 9.25-cubic feet per second (cfs) while the discharge 
remained between 5-cfs and 7-cfs for the majority of the storm. 
𝐴 =
𝜋
4
 2 2 = 3.142 𝑓𝑡2  
𝑅 =
𝑑𝑜
4
=
2
4
= 0.50 𝑓𝑡 
𝑄𝑓𝑢𝑙𝑙 =
1.486
0.024
 3.142  0.50 
2
3 0.103 
1
2 = 14.09 𝑐𝑓𝑠 
𝑄 = 0.0833 ∗ 𝑄𝑓𝑢𝑙𝑙 = 1.17 𝑐𝑓𝑠 
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Figure 7 - Computation of Uniform Flow Through Storm Culvert 
3.4 – Stormwater Quality Analysis 
Section 1 of Chapter 2 outlines the various water quality parameters that are of concern in 
stormwater treatment applications. Since the type and quantity of these contaminants are highly 
variable from site to site, it is often helpful to perform a stormwater quality analysis to identify, 
and quantify, any potentially dangerous constituents. However, rather than conducting a full 
baseline test on the stormwater it was determined that the most feasible approach would be to 
analyze the watershed and create a targeted list of contaminants for sampling. 
By briefly analyzing the watershed it became evident that the stormwater being discharged to the 
Stillwater River at the site was contributing directly to the Wachusett Reservoir. Due to the 
nature of potable water supplies, it is essential to maintain the highest level of effluent quality. A 
simple measure of how clean the stormwater effluent is under typical storm conditions is the 
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concentration of total suspended solids (TSS). This parameter was measured using a turbidity 
meter positioned at the outlet structure located on the Stillwater River. 
It was also important to determine if any contaminants were present in the stormwater that may 
adversely affect the health of the receiving waters, or the health of the individuals consuming the 
water. After several conversations with Vincent Vignaly of the Department of Conservation and 
Recreation (DCR) it became apparent that nitrate and phosphorus levels were of significant 
concern in the receiving waters. In order to accommodate these concerns, a series of anions, 
namely fluoride, chloride, sulfate, nitrate, and phosphate would be sampled. To round out the 
sampling plan, levels of total dissolved solids (TDS), specific conductance (which is a useful 
gauge to the concentration of TDS
5
), pH, temperature, and luminescent dissolved oxygen (LDO) 
would also be documented. 
Traditionally, these water quality characteristics are classified into three primary categories; 
physical, chemical, or biological. To characterize the water effectively, appropriate sampling and 
analytical procedures were required to ensure the integrity of the results. As a result, all samples 
were collected and analyzed using the hold times and current methods of sample preservation for 
the analysis of properties subject to deterioration as described in Standard Methods for the 
Examination of Water and Wastewater. 
The ultimate goal of the sampling plan was not to isolate and quantify every constituent found in 
the stormwater effluent. The goal instead was to create a plan which painted a bigger picture of 
the overall water quality, primarily through the characterization of solids as either dissolved or 
suspended. With this in mind, the finalized sampling plan is shown in Table 2. 
Table 2 - Stormwater Quality Analysis Sampling Plan 
 Temperature  Phosphate 
 pH  Turbidity 
 Fluoride  Specific Conductance 
 Chloride  Total Dissolved Solids (TDS) 
 Sulfate  Luminescent Dissolved Oxygen (LDO) 
 Nitrate  
 
Upon completion of the sampling plan, the samples were collected and either analyzed on site 
through the use of a HACH Hydrolab MS5 (Temperature, Turbidity, Specific Conductance, 
TDS, LDO) or labeled, placed in a cooler, and packed with ice along with a series of blanks. 
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These blanks were included to ensure the samples were handled and stored properly. After 
collection, the samples were delivered to the laboratory at Worcester Polytechnic Institute and 
held for further analysis. 
Together, the information obtained from modeling of a custom storm event along with the water 
quality analysis provided enough data to facilitate the selection of site specific best management 
practices to greatly enhance the quality of stormwater contributing to the Stillwater River. 
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Chapter 4 – Preliminary Design of Site Specific Stormwater BMPs 
With the stormwater samples collected and the existing site plan completed it was then possible 
to begin work modeling the existing stormwater conveyance system. Numerous products are 
currently on the market to accomplish the task of modeling storm systems. Several of which 
include StormCAD, CivilStorm, Flowmaster, XPStorm, Interconnected Channel and Pond 
Routing Model (ICPR by Streamline Technologies), and HydroCAD. In the northeast, 
HydroCAD is typically considered the standard among design engineers as the product combines 
nearly 25 years of stormwater modeling knowledge and the company headquarters are based out 
of Chocorua, NH. As such, HydroCAD was selected as the primary utility for modeling the 
existing stormwater system. 
4.1 – Stormwater Conveyance System Modeling Results 
Storm sewer infrastructure can be viewed as consisting of a minor system and a major system. 
The minor system is designed to handle frequent events with return periods typically on the order 
of 2 to 10 years and consists of roadway gutters, inlets, and pipes. 
The major system consists of pathways taken by flows in excess of the capacity of the minor 
system. The major system can be thought of as inundated roadways, swales, depressions, and 
natural or manmade channels. A major system always exists, even in the absence of a minor 
system. In order to successfully implement any stormwater BMP the major system must be given 
as much thought as the minor system, especially in light of the high probability of operational 
failure of the minor system.
9
 
The primary goal of modeling the storm sewer in HydroCAD is to obtain the ability to accurately 
predict the peak flow incurred during a given storm event. As mentioned earlier, this is typically 
done using a frequency of 2 to 10 years; however, in order to better understand how the major 
system will handle a storm event it is often advantageous to model using a 25 to 100 year storm 
event to determine how the major system will handle the stormwater. This approach will ensure 
that any weaknesses in the design are addressed before installation of the stormwater BMPs. 
Once peak flow is established, the model may be used to determine a total volume of storage 
needed to meet specific requirements. These requirements change depending on a number of 
variables including but not limited to the need for pre- or post-treatment of the stormwater, the 
presence of stormwater storage (detention, retention, infiltration), and the frequency of the storm 
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for which the design is meant to handle (most often 10 year). Each of these variables has a 
profound effect on how the model performs. 
4.1.1 – Storm Sewer Appurtenances 
The storm sewer systems consist of a number of appurtenances other than the sewer conduits 
(pipes) which effect how the system performs hydraulically. Some notable appurtenances include 
inlet boxes and catch basins; manholes and junction boxes; and outlet structures and associate 
energy dissipation devices. The appurtenances of most interest to this project include inlet boxes, 
catch basins, manholes, and outlet structures.
9
 
Inlet boxes 
As described by Durrans (2008), an inlet box is a structure that supports and inlet opening and 
connects it to the subsurface piping system. Inlet boxes also allow access to the subsurface 
system for cleaning and maintenance. Ideally, the base of an inlet box will be shaped and formed 
to more smoothly channel flows from the inlet pipes to the outlet pipe. The shaping of the base 
minimizes energy losses due to flow expansion and contraction within the structure.
9
 
Catch basins 
As described by Durrans (2008), stormwater inlets and catch basins are not the same. Both are 
intended to convey surface water into the storm sewer pipe system, and from the surface they 
appear to be identical. However, a catch basin differs from an inlet in the important respect that it 
has a sump, which is a portion of the subsurface structure that is lower than the invert of the 
outlet pipe. Catch basins offer water quality benefits not offered by regular inlets, but they 
require more regular maintenance to keep them free of trapped debris.
9
 
Manholes 
Like inlets and catch basins, manholes can provide access to the sewer system for routine 
inspection and maintenance. Manholes are usually installed where there is a change in horizontal 
pipe direction or pipe slope, where several pipes join, or where the pipe size changes. However, 
manholes are typically used for these purposes only where use of an inlet box would be 
inappropriate, as described by Durrans (2008). Manholes or inlet boxes should be installed to 
provide regular access intervals along straight sections of sewer. For pipes with a diameter of 
twenty-four inches, the maximum spacing should be no more than 300 feet.
9
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Outlet Structures 
As described by Durrans (2008), the exit velocities at storm sewer outfalls are often high enough 
to cause erosion problems and even undermining of the outfall pipe. Outlet structures can be 
designed to limit or prevent undermining by dissipating flow energy. Perhaps the most widely 
used method of dissipating discharge flows is by installing a simple concrete end wall with 
riprap and filter blanket downstream of the outfall point. However, prefabricated, flared end-
sections are also available in both concrete and corrugate-pipe materials. In any case, a concrete 
cradle should be installed at the outfall point to prevent undermining of the pipe and/or outlet 
structure. A storm sewer may outfall to a water body whose water-surface elevation may, at 
times, be high enough to back up and floor the system. To prevent this from happening, a flap 
gate may be installed at the outlet which prevents water from flowing back into the system.
9
 
4.1.2 – HydroCAD© Model 
By taking the major and minor storm sewer systems into consideration along with the effects of 
existing stormwater sewer apparatus’, it was possible to begin the process of building an accurate 
model of the existing system using HydroCAD©. HydroCAD is a hydrograph routing model that 
is designed specifically to handle time varying flows, as required for pond design and other 
volume-sensitive calculations. HydroCAD provides a number of techniques for the generation 
and routing of hydrographs. It also provides many other related calculations such as time of 
concentration, weighted curve numbers, pond volumes, stage-discharge curves, etc. This broad 
range of capabilities allows a large number of studies to be performed entirely within 
HydroCAD. Although HydroCAD’s sequence of operations is very flexible, its power is most 
easily understood by viewing it in four phases.
12
 
 Phase I – Construction of Routing Diagram 
 Phase II – Description of each Node 
 Phase III – Calculation of flow through each Node 
 Phase IV – Display and Examination of Results 
The construction of the routing diagram begins with five unique watershed components, known 
as nodes, to model the drainage system. These components include subcatchments, ponds, catch 
basins, reaches, and links. 
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Subcatchments 
As described by HydroCAD (2004), a subcatchment is used to model the runoff from a given 
area of land.  Each subcatchment generates a runoff hydrograph that represents the runoff rate 
(discharge) as it varies over time at a particulate location within a watershed. The area under the 
hydrograph is known as the volume of runoff and is used to account for effects of storage in a 
drainage basin.
12
 Since the hydrograph accounts for volume and flow variations over an entire 
rainfall event, it is a useful tool for analyzing complex watersheds and designing infiltration 
basins.
9
 
Pond 
A pond, swamp, dam, catch basin, manhole, drywell, or other impoundment that fills with water 
from one or more sources and empties in a manner determined by a weir, culvert, or other 
device(s) can be modeled as a pond in HydroCAD. The outflow of each pond is determined by a 
hydrograph routing calculation which reduces and delays the peak flow. A pond may empty into 
a reach or into another pond. An optimal secondary outflow may be used to divert the discharge 
from specific outlet devices and rout them separately. A discarded outflow is also available for 
outflows that are not subject to further routing, such as exfiltration.
12
 
Catch Basin 
As described by HydroCAD (2004), a catch basin is a special type of pond that provides an 
insignificant amount of storage, but otherwise has all the properties and capabilities of a pond. 
Since a catch basin has no storage capability, it cannot detain or attenuation its inflow.
12
 The 
catch basin is used to model inlet boxes within HydroCAD because they both are considered to 
have insignificant storage. The primary difference between the two is the inlet and outlet 
elevations as discussed in Section 4.1.1. Due to these minor differences, catch basins are 
assumed to be synonymous with inlet boxes from here on out as no true sumps exists in any of 
the existing structures. 
Reach 
A reach is a uniform stream, channel, or pipe that conveys water from one point to another and 
operates under open channel flow. A reach may also be used to route an upstream hydrograph 
through a subcatchment. The outflow of each reach is determined by a hydrograph routing 
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calculation which automatically delays and attenuates the peak flow. A reach is typically used to 
route one or more subcatchments into a pond or into another reach.
12
 
A model was compiled by creating an defining a series of nodes within HydroCAD. The 
resulting stormwater conveyance model is shown in Figure 8. 
 
Figure 8 - HydroCAD Stormwater Conveyance System Diagram 
The model details the existing stormwater conveyance system beginning with the first catch 
basin at the crest of Princeton Road and ending at the intersection of Route 140 and Route 62. A 
subcatchment was defined and routed through its perspective catch basin. The catch basins were 
then routed through each other and subsequently tied into and existing drainage manhole which 
was modeled as a reach. 
The reach was used as a means of gathering the runoff and routing it to a proposed diversion 
catch basin. From this new catch basin (CB7P in Figure 8) the flow was diverted to a new 
infiltration basin with an exfiltration rate of 2.4 inches per hour. The infiltration basin was sized 
as a prizmatoid with a bottom length of 130 feel and a bottom width of 70 feet. The pond was set 
to five feet deep with a slope of 3:1 (run:rise) on the sidewalls; the volume of voids was set to 
100 percent. 
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After creating the routing diagram and defining each node, it was possible to run the model using 
the custom storm event created in Section 3.3.2. The storm event was set to a 10-yr storm which 
is equivalent to 4.50 inches of rain per Figure B-5 of the USDA Urban Hydrology for Small 
Watersheds manual.
13
 The 10 year storm returned the following unit hydrograph: 
 
Figure 9 - Pond 8P: POND - 282-001 MQP_Sterling MA 
The unit hydrograph in Figure 9 suggests that an infiltration basin with approximately 61,625 
sq.ft. of storage that utilizes an exfiltration rate of 2.4 in/hr will result in a reduction in peak flow 
of nearly 71%. Another key piece of information obtained from this hydrograph is the peak flow. 
When the time of concentration of approximately 12 hours is met, a peak flow of 6.51 cubic feet 
per second (cfs) is observed. This peak flow is significant for a number of reasons including but 
not limited to the possibility of pipe scouring and the re-suspension of solids in turbulent exit 
conditions. Additionally, peak flow can storage capacity can be used to facilitate the design of 
stormwater BMPs, as detailed in Section 4.3. 
4.2 – Water Quality Analysis Results 
During the creation of the HydroCAD model the stormwater samples were being analyzed for a 
number of constituents per the sampling plan detailed in Section 3.4. The results from the 
laboratory analysis are tabulated below. For raw data see Appendix D – Stormwater Quality 
Analysis Results. 
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Table 3 - STORMWATER QUALITY ANALYSIS SUMMARY 
STORMWATER QUALITY ANALYSIS - COMPLETED 11/17/09 
Selection of BMPs for Stormwater Pollution Control 
 At the Intersection of Rt 140 and Rt 62 - Sterling, MA 01564 
Sample Date 11/14/09 - 9:45 11/14/09 - 10:30 11/14/09 - 12:46 11/14/09 - 14:26 
Peak Name Amount (ppb) Amount (ppb) Amount (ppb) Amount (ppb) 
Fluoride 7.65 7.56 12.69 16.40 
Chloride 1701.94 475.64 3094.81 9090.98 
Sulfate 786.63 319.52 1255.50 3432.97 
Nitrate 38.73 104.34 85.76 191.07 
Phosphate 417.40 N/A 296.47 268.76 
Total 2952.33 907.05 4745.23 13000.18 
 
Additional water quality parameters were monitored using a HACH Hydrolab MS5. The primary 
purpose of the Hydrolab was to address and monitor the suspended solids that were entering the 
Stillwater River; this was accomplished by periodically taking turbidity readings. Additional 
parameters that were analyzed with the Hydrolab include temperature, specific conductance, 
total dissolved solids, turbidity, and dissolved oxygen. In order to collect these measurements, 
the instrument was placed in the Stillwater River near the existing culvert discharge.  
The Hydrolab was setup on November 14, 2009 and began collecting data at 11:30 am; referring 
back to Figure 9 it is evident that this is approximately the same time peak flow was observed. 
As a result, the readings are representative of peak sediment levels while specific conductance (a 
measure of total dissolved solids) should theoretically be below their peak values. The Hydrolab 
collected data for approximately three hours where monitoring was terminated at 2:40 pm. Since 
these values are highly variable it is most appropriate way to analyze the data is to take a range 
of the observed conditions. See Table 4 – HACH Hydrolab MS5 Tabulated Data and Appendix E 
for more information. 
Table 4 - HACH Hydrolab MS5 Tabulated Data 
Temp [°F] Dep25 [feet] SpCond [µS/cm] TDS [g/l] pH [Units] TurbSC [NTU] LDO% [Sat] LDO [mg/l] 
Average Average Max Max Max Max Max Max 
46.1 1.7 84 0.1 6.57 36.2 95.1 10.92 
  
Min Min Min Min Min Min 
  
23 0 6.2 2.2 79.7 9.32 
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Typical turbidity readings for a drinking water samples range from 0.1 NTU to 0.3 NTU. It is not 
as clear for stormwater samples as the EPA has set a regulatory limit stating settleable and 
suspended solids should not reduce the depth of the compensation point for photosynthetic 
activity by more than 10 percent from the seasonably established norm for aquatic life.
14
 
Numerous municipalities across the country have developed specialized regulatory limits on 
pollutants discharged into waters. These turbidity readings range from 20 to 50 NTU and when 
the limit is met the source is officially classified as polluted when this limit is exceeded. 
The suspended solids present in the runoff come from a number of sources with the most 
significant sources of pollution coming from construction sites, urban & agricultural runoff, 
landfills, and septic fields. These sediments are known to cause habitat changes, stream turbidity, 
recreation and aesthetic loss, contaminant transport, and bank erosion. Referring back to Table 4, 
the runoff entering the Stillwater River is carrying a significant amount of suspended solids when 
compared to the regulatory limits established by several different regulatory agencies. Although 
no limit for turbidity has been established specifically for the Stillwater River at this time, the 
observed turbidity readings suggest that the runoff could potentially cause adverse effects on the 
health of aquatic life in the Stillwater River. The maximum concentration of suspended solids is 
significant enough to cause sediment accumulation at the base of the outlet as shown in Figure 
10 by area shaded red. 
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Figure 10 - Location of Sediment Accumulation in Stillwater River 
4.3 –Stormwater Best Management Practices 
In addition to sample collection and completion of the existing site plan, preliminary design 
included development of a model to characterize the existing stormwater conveyance system. 
This analysis determined that the constraining factors for the design would be a peak flow of 
6.51 cubic feet per second (cfs) experienced during a 10 year storm event, and the need to treat 
total suspended solids to a removal efficiency of 80%. A secondary concern of the design was to 
address nutrients found in the stormwater, namely nitrogen and phosphorus.  
Unlike total suspended solids (TSS), which can achieve removal rates of over 90% with 
extended infiltration basins with forebay, the removal efficiencies of nutrients through traditional 
stormwater BMPs is significantly lower. Total nitrogen and total phosphorus can only reasonably 
be expected to be reduced from between 10-20% of the original concentrations through an 
extended infiltration basin.
9
 Conversely, more advanced structural stormwater BMPs such as the 
CrystalStream Technologies 1056 have the ability to remove 89-98% of total suspended solids, 
25% nitrates, 50% nitrites, and 40% of phosphorous.  The removal efficiency of these 
constituents is significantly higher with structural stormwater BMPs than have been observed 
with traditional designs. Despite the increased removal efficiency, the selection of advanced 
Sediment 
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structural BMPs over more traditional designs is not cut and dry. The following sections 
compare and contrast the strengths and deficiencies of several design options including the 
Stormceptor stormwater treatment system, CrystalStream Technologies water quality vault, 
StormTech chambers, stormwater detention basins, and infiltration basin with presedimentation 
forbay. 
4.3.1 – Stormceptor 
As described by Stormceptor (2010), the Stormceptor STC stormwater treatment system is 
designed to remove sediments and oils through gravity separation and flotation. The system 
effectively removes high levels of sediment during both frequent (2 yr-10 yr) and large storm 
events (25 yr-100 yr). Due to the Stormceptor’s ability to handle relatively high flows while still 
effectively removing small particles it was determined that the most appropriate application 
would be as a pretreatment device for a stormwater infiltration basin. 
The Stormceptor design was completed using PCSWMM for Stormceptor which is a continuous 
simulation model based on the EPA Stormwater Management Model (SWMM), as described by 
Stormceptor (2010). The software calculates hydrology from local rainfall station in conjunction 
with a number of specified site parameters. The parameters required to run the simulation 
include the total drainage area, percent impervious area, and the desired particle distribution. The 
calculations were performed using a total drainage area of 31.18 acres, an impervious area of 
approximately 10%, the NJDEP particle distribution, and data from rain station with ID# 8159 
located at Sterling 2NNW. 
The NJDEP particle distribution was chosen because it has the most appropriate particle 
distribution for this application as silts are present in the stormwater sample. Had another particle 
distribution been used that utilized larger particles, such as OK-110, the system would be 
dramatically undersized and 80% removal would not be obtained under normal operating 
conditions. See Figure 11 for a comparison of various particle size distributions. 
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Figure 11 - PCSWMM for Stormceptor Gain Size Distribution (Appendix G) 
The simulation using the aforementioned parameters resulted in the selection of a STC-7200 
which returned an 81% of total suspended solids for a NJDEP particle size distribution. For a 
detail drawing of this system, see Figure 12. 
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Figure 12 - Rinker Materials STC 7200 Precast Concerete Stormcepter15 
Although the Stormcepter works well as a pretreatment for an infiltration basin there are other 
options for this technology; most notably, placing the system after an infiltration basin to treat its 
effluent. Although the Stormcepter is also appropriate for this application, it was decided that 
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another technology could potentially provide better treatment of nutrients. For this, a preliminary 
design utilizing a CrystalStream Technologies vault was completed.  
4.3.2 - Crystal Stream Technologies 
The ultimate goal of implementing a CrystalStream Technologies water quality vault was to use 
it as a secondary treatment process after primary sedimentation in an infiltration basin. The 
design focused on the CrystalStream Technologies CST 956 water quality vault as verification 
testing of this vault was done by the Alden Research Laboratory. As a result, enough information 
was available to create a preliminary design. The testing done by Alden Research Laboratory 
was completed to establish the unit’s hydraulic capacity, determining the sediment removal 
efficiencies using OK110 silica sand, and evaluate the re-entrainment and washout conditions for 
various flows. Figure 13 shows a conceptual layout of the CST 956 WQV. The following 
sections present the data obtained from Alden Research Laboratory as described by Mailloux 
(2006): 
“The CST 956 WQV is a rectangular concrete vault measuring 9-ft long by 5-ft wide by 
6-ft high with a 2-ft riser and lid. The unit has an 18-inch diameter inlet and outlet, with 
the inverts located 48 inches and 45.6 inches above the floor respectively. Perforated 
energy-diffuser baffles are installed 2-ft and 3.5-ft downstream of the inlet pipe. A 1.5-ft 
long by 5-ft wide floatables and oil-collection “bucket” is located 5-ft from the inlet pipe. 
A tilting coconut fiber filter is installed between the bucket and the back wall of the unit, 
with the hinge point at the bucket invert and a resting angle of approximately 30 
degrees.”16 
 
Figure 13 - CrystalStream Technologies 956 Water Quality Vault17 
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The first matter of business was to determine the maximum hydraulic capacity (MHC). For the 
experiments completed by Mailloux (2006), the MHC was determined without sediment by 
measuring flow and pressure head under 20 unique conditions. The 20 flows measured ranged 
from 0 to 8 cfs, both with and without the coconut fiber filter installed. The maximum flow 
through the filter prior to displacement was 1.2 cfs. The maximum flow attainable prior to 
washing out the bypass weir was 7.8 cfs.
16
 
Mailloux (2006) performed sediment removal efficiency using both the indirect method 
(sampling), as well as direct method (mass balance). For the purposes of this project, the results 
are considered for an effluent velocity of the infiltration basin that was set at approximately 2.0 
cfs (actual = 1.92 cfs). The average flow recorded for the entire test at Alden Research 
Laboratory was 2.00 cfs, with a standard deviation of 0.004. The measured influent 
concentrations ranged from 225.6 mg/l to 298.9 mg/L, with a mean concentration of 247.3 mg/L 
and SD of 24.9. The effluent concentrations ranged from 84.3 mg/L to 104.4 mg/L, with a mean 
concentration of 94.9 mg/L and SD of 6.53. Mailloux (2006) also showed that the sediment 
removal efficiency based on the resulting sediment removal efficiency for the indirect sampling 
method was 61.6% while the resulting direct-method removal efficiency was 46.1%.
16
 
For the J. Mailloux tests, resuspension of a small amount of fine sediment was observed along 
the sidewalls at 2cfs. Rotation of the sediment bed and resuspension of particles continued to 
increase with higher flows, although measured sediment concentrations remained negligible for 
flows up to 3 cfs.
16
 Since little re-entrainment was observed at 2.0 cfs the CST 956 WQV made 
for a good secondary treatment of the infiltration basin.
16
 
4.3.3 – StormTech Stormwater Management Systems 
StormTech chamber systems are design to function as stormwater detention, retention, first-flush 
storage, or any combination of these. This design flexibility is a key advantage associated with 
StormTech systems, thereby allowing variation in the length and location of beds and trenches to 
accommodate various site constraints. For a detailed drawing of the StormTech system 
specifications and features, see Figure 14. 
PPM0904 
Stormwater & NPS Pollution 
 
39 
 
Figure 14 - StormTech SC-740 Chamber Specifications17 
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The preliminary system design was completed using the material worksheet from the StormTech 
design manual. Prices were collected from local venders on March 29, 2010. For the complete 
preliminary design along with an estimate see Figure 15. 
 
Figure 15 - StormTech SC-740 Chamber Design17 
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The primary issue with the StormTech SC-740 system is the sheer size of the design; a total of 
700 chambers were required to meet the storage requirements of the site. In addition, 3,850 tons 
of crushed stone is required to bed the chambers at an estimate cost of nearly 31,000 dollars for 
raw material alone. The cost to haul and install this material will significantly increase this 
estimate. 
In an effort to optimize the design, a larger StormTech chamber was analyzed; namely, the 
StormTech MC-3500. This MC-3500 chamber is 60% larger at 90” long by 77” wide by 45” 
high. StormTech provides a data design sheet for the 3500 chamber. See Figure 16 for the 
completed design calculations. 
 
Figure 16 - StormTech MC-3500 Chamber Design17 
The MC-3500 site calculator suggests that 313 chambers are needed to store the required storage 
volume of 61,625 cubic feet. Although the total amount of crushed stone required to install the 
system decreased with the number of chambers required, the system is still prohibitively large 
and requires too much raw material and capital to effectively treat the water. 
Due to the fact that the StormTech designs are prohibitively expensive and therefore not feasible, 
a final, more traditional technology was analyzed. This designed included the creation of an 
infiltration basin with presedimentation forebay. Together, a total suspended solids removal rate 
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of 80% or more is possible with relatively low cost and operating fees. These factors make the 
infiltration basin with forebay a good choice for consideration, as is seen in Section 4.3.4. 
4.3.4 - Traditional Stormwater Infiltration Basin with Presedimentation Forebay 
As described by the Massachusetts Stormwater Handbook, stormwater infiltration basin with 
presedimentation forebay can generally be broken down into two unique categories which have 
very different objects. These categories include full extended basin systems, and partial 
exfiltration basin systems. The purpose of the former is to treat all of the stormwater retained for 
a given design storm while the latter is designed only to treat the initial flush of stormwater 
contributing to the system. More specifically: 
Full Exfiltration Basin Systems 
As described by the Stormwater Handbook, Full exfiltration basin systems are sized to provide 
storage and exfiltration of the required recharge volume and treatment of the required water 
quality volume. They also attenuate (reduce) peak discharges. Designs typically include an 
emergency overflow channel to discharge runoff volumes in excess of the design storm. 
Partial Exfiltration Basin Systems 
Partial or off-line exfiltration basin systems exfiltrate a portion of the runoff (usually the first 
flush or the first half inch), with the remaining runoff being directed to other BMPs. Flow 
splitters or weirs divert flows containing the first flush into the infiltration basin where it is 
subsequently treated. This design is useful at sites where exfiltration cannot be achieved by 
downstream detention BMPs because of site conditions limitations. 
In order to increase the efficiency of total suspended solids removal through these systems a 
presedimentation forebay is installed to slow stormwater runoff and settle out sediment. 
Sediment forebays are typically on-line units that are size at a minimum to hold 0.1-
inch/impervious acre to pretreat the water quality volume. It is important to note that post-
construction sediment forebays should not be confused with sediment traps that are used as a 
construction-period control. Construction-period sediment control traps are sized larger than 
forebays, because there is a greater amount of suspended solids in construction period runoff. A 
typical layout for a stormwater infiltration basin with presedimentation forebay is shown in 
Figure 17. 
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Figure 17 - Infiltration Basin with Presedimentation Forebay9 
The infiltration basin design has several significant advantages over the previously mentioned 
BMPs. These advantages include ease of maintenance, relatively low cost when compared to 
other structural BMPs, and highly effective at removing certain constituents (particularly TSS). 
A significant downfall to these systems is the land requirements for implementing such a system; 
however, HydroCAD analysis yielded a total storage volume of approximately 60,000 square 
feet. If the basin were to be constructed to 5 feet deep, the infiltration basin would be 
approximately 110-ft x 110-ft. The sediment forebay was then sized to store 10% of the total 
require retention volume, (11-ft x 11-ft). With these dimensions, a preliminary basin and forebay 
were drawn in Carlson Civil Suite 2010 to determine if the site would accept such a system. 
After determining that the site was more than capable of accepting an infiltration basin of this 
size, a preliminary cost estimate was needed to compare it to other stormwater BMPs previously 
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mentioned. A reasonable approximation of the cost can be determined using the following 
equation:
18
 
Infiltration 
  𝐶 = 1482.864 𝑉0.63 
Where V = Volume of voids (m
3
) 
Converting 60,000 cubic feet to cubic meters yields 1,700 cubic meters. 
𝐶 = 1482.864 ∗ 1,7000.63 = $160,800 
This estimate is nearly half the cost of a comparable system by StormTech. Due to the cost 
benefits, along with ease of maintenance, and effectiveness at removing total suspended solids, it 
was determined that the infiltration basin with presedimentation forebay would be the most 
feasible option for this site. 
Once the determination was made to commence with the aforementioned system, a detail design 
was created along with construction drawings and specifications. For more information 
pertaining to the design process, refer to Chapter 5.  
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Chapter 5 –Stormwater BMP Design 
After determining that the infiltration basin with presedimentation forebay was the most feasible 
approach, a detail design was created. The detail design included specifications for a diversion 
manhole, presedimentation forebay sizing, infiltration basin sizing, weir design, preparation of 
construction drawings and the creation of a detailed cost estimate.  
5.1 – Diversion Manhole Design 
One of the first design challenges presented was how to divert the runoff from the existing water 
course into the proposed basin. Options included the reconstruction of one or more catch basins 
located at the intersection of Route 140/62 or intercept the existing drainage line and install a 
new diversion manhole in Princeton Road. Due to construction taking place on the bridge over 
the Stillwater River on Princeton Road, it was determined that the most appropriate option would 
be to install a new manhole. This was primarily due to the fact that shutting down two state roads 
would significantly impede the flow of traffic. 
The installation of the new manhole would allow for two possible conditions; the first condition 
discontinued the existing storm drain after the manhole, effectively diverting all the stormwater 
through the basin. The second option was to install a diversion weir within the manhole to divert 
a portion of the stormwater to the infiltration basin.  
 
Figure 18 - Diversion Weir in Proposed Manhole17 
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As the basin becomes inundated during heavy rain events the stormwater will back up into the 
manhole. The manhole weir allows the water which exceeds the hydraulic capacity of the basin 
to bypass that system and discharge through the existing storm drain, and directly into the 
Stillwater River. This system was chosen to reduce any damage that may occur to the 
presedimentation forebay during periods of high flow which could potentially scour and 
resuspend previously settled particulate matter. 
The weir elevation within the manhole is set at approximately the same height as the emergency 
spillway weir created during the design of the infiltration basin. When this emergency spillway is 
inundated, the diversion weir will allow flow to bypass the basin, as described earlier. For more 
information on the emergency spillway weir, see Section 5.3.1. 
5.2 – Presedimentation Forebay 
Upon completion of the diversion manhole design, it became necessary to size the sediment 
forebay. According to the Massachusetts Stormwater Handbook, sediment forebays are typically 
in-line units, designed to slow stormwater runoff and settle out sediment. At a minimum, size the 
volume of the sediment forebay to hold 0.1-inch/impervious acre to pretreat the water quality 
volume. 
For stormwater systems designed to treat a relatively small amount of runoff, a general rule is to 
size the presedimentation forebay at 10% of the total volume requirements determined by the 
infiltration basin design. In this case, the infiltration basin was sized to 61,625 ft
3
 (Section 5.3) 
which yields a forebay size of approximately 6,200 sq.ft. Using the 10% rule, the basin is larger 
than required by the 0.1-inch/impervious area regulation, therefore, a conservative approach of 
taken and the larger forebay was selected. As a result, a higher removal efficiency of total 
suspended solids should be observed along with a reduction in the resuspension of previous 
settled sediment. 
5.3 – Infiltration Basin Design 
As discussed in Section 4.3.4, infiltration basins are stormwater runoff impoundments that are 
constructed over permeable soils. Several features of this system include the ability to provide 
peak flow attenuation, provide groundwater recharge, and achieve 80% removal of TSS with 
adequate pretreatment. Infiltration basins are highly recommended for discharges near cold-
water fisheries and public drinking water supplies as they are capable of reducing total nitrogen 
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by 50%-60%, total phosphorus by 60%-70%, metals by 85%-90%, and pathogens including 
coliform and e. coli by up to 90%. 
The basin was sized using the HydroCAD model and determined that a total volume of 61,625 
ft
3
. This volume was modeled in HydroCAD using a prizmatoid with a bottom area of 70-ft x 
130-ft with 3:1 side slopes and a total overall depth of 5-ft. The resulting simulation returned a 
total reduction in peak flow from 6.51 cfs to 2.55 cfs, with 0.63 cfs being removed though 
exfiltration. Therefore, a total out flow of 1.92 cfs would be experienced during the 10 year 
design storm frequency. Due to the fact that the pond would not retail the total volume of runoff 
experienced throughout the storm an emergency spillway, also known as a weir, would be 
required to divert the flow out of the basin without causing any damage to the major system. At 
this point, the system design was completed and drafted in Carlson Civil Suite 2010. A raster 
image of the proposed weir design may be seen in Figure 18. 
 
Figure 19 - Proposed Infiltration Basin Raster Image 
After the basin was sized, it was necessary to ensure that the design met the requirements set 
forth by the Massachusetts Stormwater Handbook. Upon review, it became apparent that several 
design deficiencies would need to be addressed: 
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1. The contributing drainage area to any individual infiltration basin should be restricted to 
15 acres or less 
2. The minimum depth to the seasonal high water table, bedrock, and/or impermeable layer 
should be 2-ft from the bottom of the basin. 
3. The infiltration basin must be dewatered within 72 hours of the last storm event. 
The contributing area is allowed to be increased to 32 acres due to the fact that the basin is not a 
full infiltration basin system by definition. Instead, the proposed design is more closely related to 
a detention basin with exfiltration. The resulting design attenuates peak flow, and treats the first 
flush of stormwater which contains the highest concentrations of pollutants. 
The minimum depth to seasonal high groundwater is significantly less than two feet on site. In 
order to alleviate this system it became necessary to install an under drain system two feet below 
the bottom of the basin. The under drain was designed to utilize 12-in perforated ADS 
(Advanced Drainage Systems) pipe which manifolds into a single outlet and is discharged 
directly to the Stillwater River. 
Lastly, the time required to dewater the sediment forebay was determined using the following 
equation: 
𝑇𝐷 =
𝑉𝑅𝑆
𝑓
12 ∗ 𝐴𝑅
=
6,200
2.4
12 ∗ 3,000
= 10.3 𝑕𝑜𝑢𝑟𝑠 
Where: 
 TD = Dewatering time (hours) 
 VRS = Volume of the recharge system storage (ft
3
) 
 AR = Recharge surface area (ft
2
) 
 f = Design infiltration rate (inches/hr) 
 12 = Conversion from inches to feet 
 
The resulting calculation of 10.3 hours is significantly less than the 72 hours required by Volume 
2 of the stormwater handbook. This calculation was required to determine the total dewatering 
time for the infiltration basin: 
𝑇𝐷 =
𝑉𝑅𝑆
𝑓
12 ∗ 𝐴𝑅
=
61,625
2.4
12 ∗ 15,000
= 21 𝑕𝑜𝑢𝑟𝑠 
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Volume 3 of the Massachusetts Stormwater Handbook also requires several calculations for 
groundwater recharge. The prescribed stormwater runoff volume to be recharged to groundwater 
should be determined using the existing (pre-development) soil conditions (from a U.S. Natural 
Resources Conservation Service (NRCS, formerly SCS) County Soils Survey, onsite soil 
evaluation, or other geologic information) and these rates: 
Hydrologic Group Volume to Recharge (x Total Impervious Area) 
 B   0.25 inches of runoff 
Using the 1.88 acres of impervious area calculated from the existing conditions plan, a total 
recharge volume of 1,700 cubic feet is required. Significantly more recharge is experienced 
under the proposed design as shown by the dewatering duration shown above. 
5.3.1 – Broad-Crested Weir Design 
Broad-crested weirs, as the name implies, have weir crests that are broad as opposed to sharp-
edged. Theoretically, the flow profile over a broad-crested weir can be evaluated through the 
concepts of specific energy and critical depth. The following calculations are used to support the 
design flows observed in HydroCAD. 
𝑄 = 𝐶𝑑 ∗  𝑔 ∗ 𝐿 ∗  
2𝐻
3
 
3/2
 
Where: 
Q = discharge (cfs) 
Cd = discharge coefficient depending in the orifice edge 
g  = acceleration of gravity (ft/s2) 
H = difference in elevation between the upstream water surface and the weir crest 
Hw = height of the weir crest above the bottom of the channel 
 
values of the discharge coefficient can be estimated from: 
𝐶𝑑 =
0.65
 1 +
𝐻
𝐻𝑤
 
1/2
=
0.65
 1 +
0.13
5.64
 
1/2
= 0.6426 
Therefore: 
𝑄 = 0.6426 ∗  32.174 ∗ 12 ∗  
2 ∗ 0.13
3
 
3/2
= 1.12 𝑐𝑓𝑠 
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The resulting calculation yields a flow of 1.12 cubic feet per second (cfs). This value is 
consistent with HydroCAD’s approximation of the resulting flow during a 10 year storm event. 
Upon completion of the weir design it became necessary to determine the most effective location 
for the weir. The weir was initially placed adjacent to the westerly bank of the Stillwater River. 
As a result, a relatively long 3:1 slope was needed to channel the water into the river. This design 
also required a significant amount of rip-rap to diffuse the flow to prevent erosion. After review 
by Vincent Vignaly of the Massachusetts Department of Conservation and Recreation it became 
apparent that a more appropriate design would be to move the weir to the southerly portion of the 
basin and discharge the runoff into a preexisting wetland. This not only reduced the total amount 
of rip-rap required, but also provided additional treatment before eventually reaching the river. 
5.4 – Preparation of Construction Drawings 
The preparation of construction drawings began as the design of the presedimentation forebay 
with infiltration basin came to an end. Included on the construction drawings is the existing 
conditions plan including location of existing utilities and other appurtenances, the proposed 
design including locations of pipes, inlets, manholes, and other system features. Profile views 
and details of the proposed infiltration basin with Presedimentation forebay were created along 
with details of road patches, diversion manhole, and silt fence w/ hay bales. See Appendix  
In addition to showing all information required for a survey crew to layout the design, the 
construction plans were also intended to clearly identify required material classes to aid in the 
creation of a detailed cost estimate. The detailed cost estimate, as shown in Section 5.5, was 
created primarily as a reference point for the signing of contract documents between the client 
and the construction firm hired to perform the work. 
5.5 – Detailed Cost Estimate 
The greatest single expense for the construction of the infiltration basin with presedimentation 
forebay is earthwork, which includes both cut and fill operations. These quantities are reported as 
volumes, most often measured in cubic yards. Due to the availability of an electronic copy of the 
original design plans it was possible to calculate these volumes using a computer aided design 
software package known as Carlson Civil Suite 2010. 
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The process began by defining two unique surfaces which were to be used for the calculations. 
These two surface triangulation files were analyses and the difference in elevation was 
calculated; these values were subsequently used to calculate cut and fill volumes. 
 Existing Surface: 282-001 Existing Conditions 5-18-10.tin 
 Final Surface:   282-001 Proposed Detention Pond 4-10-10.tin 
The resulting calculations from this analysis report bank cubic yards which refers to soil resting 
in its natural, undisturbed state; however, when this soil is disturbed its volume either increases 
(in the case of cut) or decreases (as it in compacted for structural fill). When soil excavation 
volumes are estimated in bank cubic yards they must be adjusted using a swell factor to ensure 
accuracy. Excavated soil is therefore estimated in loose cubic yards to accommodate this 
swelling, and fill material is most often estimated in units of compacted cubic yards.  Loose 
cubic yards and compacted cubic yards are calculated by applying a correction factor known as a 
swell factor to the bank cubic yard calculations. The following data was used for swell and 
shrink factors.
20
 
Earth-rock mixtures: 
75% E, 25% R; 3380 lbs/yd3 in cu 
Swell factor = 26%; Shrink factor = -8% 
 
Additionally, it is also possible to approximate the weight of the excavated soil at this point by 
applying a cubic yard in cut weight. From the soil map presented in Section 3.2.3 it was 
determined that the best estimate would be 3380 lbs/yd^3 which after conversion equals 
125.185lbs/ft^3. The adjusted values not only effect the amount of physical material required to 
complete the job, but also the amount of time it takes for a crew to move the material, and the 
amount of money the process will require. The following table has been constructed to 
demonstrate the difference between bank cubic yards and their adjusted values.  
Table 5 - Earth Work Estimate 
Volumes by Triangulation (Prisms) 
 
No Swell Correction Units With Swell Correction Units 
Cut volume 4,274.72 C.Y. 5,386.15 C.Y. C.Y. 
Density 125.19 lbs/ft^3 125.19 lbs/ft^3 
 
7,224.27 Tons 7,224.27 Tons 
Fill volume 132.76 C.Y. 143.38 C.Y. 
 
224.37 Tons 224.37 Tons 
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The remaining 5,200 cubic feet of material left over from the excavation process can either be 
hauled off site for use at other locations, or it may be spoiled on site. There are several factors 
which govern this decision, most importantly is the availability of space to put the material on 
site. Another important factor is cost of hauling the material off-site for use on another project. 
For the purposes of this project it was most economical to waste the material on site. Plenty of 
undisturbed area existed on the west bank of the Stillwater River which provided ample storage 
for this material. The remaining quantity takeoffs were fairly straight forward and detailed in 
Table 6 below. 
Table 6 - Infiltration Basin Detailed Cost Estimate 
Major Qualifying Project Detailed Cost Estimate 
282-001 Sterling, MA Route 62/140 Intersection 
Description Units Quantity Estimate Budget Cost 
Chip & Cut light trees to 6" diameter ACRE 0.5 $4,125.00  $2,062.50  
Earth Excavation         
Total Cut Volume C.Y. 5,386 $16.85  $90,754.10  
Total Fill Volume C.Y. 144 $3.64  $524.16  
Ordinary Borrow C.Y. 30 $20.00  $600.00  
Gravel Borrow C.Y. 50 $30.50  $1,525.00  
Loam Borrow C.Y. 450 $40.50  $18,225.00  
Fine Grading and Compacting S.Y. 3,867 $5.60  $21,655.20  
Hydro or Air Seeding with Mulch and Fertilizer M.S.F. 3.87 $77.50  $299.69  
Catch Basin EACH 1 $2,444.00  $2,444.00  
Manhole EACH 1 $2,500.00  $2,500.00  
Subdrainage Piping 12" Diameter Plastic L.F. 430 $26.00  $11,180.00  
Subdrainage Appurtenance MISC 
 
$500.00 $500.00 
24 inch Drainage Pipe Flared End EACH 1 $490.00  $490.00  
24 Inch Reinforced Concrete Pipe, Class 3, No Gaskets L.F. 25 $58.00  $1,450.00  
Rip-Rap for Presedimentation Basin & Pipe Ends TON 206 $33.00  $6,798.00  
Steel W Beam Highway Guard (single faced) L.F. 300 $27.00  $8,100.00  
Steel Beam Highway Guard Flared End Treatment EACH 2 $2,300.00  $4,600.00  
Siltation Fence L.F. 435 $3.36  $1,461.60  
Geotextile Fabric for Separation S.Y. 50 $10.00  $500.00  
Hay bales for Erosion Control L.F. 435 $7.85  $3,414.75  
Total $179,084.00  
     Note: Prices based on 2010 RSMeans Heavy Construction Cost Data & MHD Median Cost Data 
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This estimate suggests that the construction of the proposed design will cost approximately 
$180,000 dollars. This price is subject to change depending on a number of factors including 
market volatility, material cost, and construction delays including but not limited to the presence 
of ledge and unmarked utilities. However, this detailed cost estimate is in the range of the 
$160,800 estimate provided in Section 4.3.4. 
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Chapter 6 – Conclusions and Recommendations 
The selection and design of stormwater best management practices for the discharge located at 
the intersection of Route 140 and Route 62 began with a brief review of the US EPA Clean 
Water Act and how these regulations influence the design process. In order to understand the 
importance of stormwater remediation a list of constituents including but not limited to sediment, 
bacteria, nutrients, and metals that are commonly found in urban runoff were presented along 
with any adverse side effect they may have on the environment. 
The stormwater regulations and water quality parameters presented in Chapter 2 were used to 
shape the methodology of the design process. A water quality sampling plan was created in 
Section 3.4 which laid the groundwork for the testing of a series of anions, turbidity, specific 
conductance, total dissolved solids, and dissolved oxygen. The subsequent results of this analysis 
are presented in Section 4.2. In addition, to the stormwater quality testing, a stormwater 
conveyance model was created to quantify peak flow of a storm event with a 10 year frequency. 
This resulting data was used extensively throughout Chapter 4 for the preliminary design of 
various stormwater best management practices. 
Upon completion of the preliminary design process, an infiltration basin with presedimentation 
basin was chosen as the most effective and economical treatment technology that would work 
under current site constraints. Chapter 5 details the detailed design process of the forebay, 
infiltration basin including groundwater recharge requirements, broad-crested weir design 
(Section 5.3.1), the preparation of construction drawings and specifications (Section 5.4), and a 
detailed cost estimate (Section 5.5). 
After the construction drawings and specifications were completed they were reviewed by 
Vincent Vignaly of the MassDCR. Upon his review, several suggestions were made to improve 
the quality of the design. The first, and most important, was to move the proposed basin in a 
northwesterly direction to avoid a possible ledge outcrop that is present on the westerly bank of 
the Stillwater River. By avoiding this ledge outcrop a significant reduction in excavation costs 
could result. Upon review of the HydroCAD model, a number of revisions were required to 
improve the quality of the model. The first was to change the minimum time of concentration to 
5 minutes for each subcatchment. This significantly increased the Tc for most of the 
subcatchments that were defined to collect water for the catch basins on Princeton Road. 
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Figure 20 - HydroCAD Calculation Settings 
The increase in Tc removed oscillations in the hydrograph caused by the small catchment 
definitions which increased the accuracy of the model. Other factors that were used to improve 
the model were changing the entrance loss coefficient on the catch basins from CMP, projecting, 
no headwall to CMP, end section conforming to fill. This reduces the head loss incurred by the 
system and increases performance of the model. 
6.1 – Alternative Design Parameters 
The site located at the intersection of Route 62 and Route 140 provides a unique design 
challenge. The existing system is comprised of a relatively small percentage of impervious area 
even though the basin was sized to retain runoff from a drainage area of approximately 32 acres. 
Reviewing the HydroCAD model reveals that more 78% of this area is wooded area with 
hydrologic group B soils; as a result, this area may not require treatment. 
Rerouting this drainage area though a drainage swale to another culvert located on the southerly 
side of the property would reduce the total drainage area to only 7 acres. This would significantly 
reduce the peak flow and as a result, the basin could potentially be reduced in size. Other 
treatment options would then become feasible, including but not limited to the StormTech 
infiltration chambers analyzed in Chapter 4. In addition to creating a lower impact design, capital 
cost for installation and operating and maintenance costs would also be reduced by a wide 
margin. 
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Appendix A – Glossary of Terms 
Acre-foot: A volume equal to an area of one acre times a depth of one foot. 
 
Barrel: The concrete or corrugated metal pipe that passes runoff for the riser portion of an outlet 
structure, through the embankment, and finally discharging to outfall point. 
 
Base Flow: The portion of stream flow that is not due to storm runoff, and is supported by 
interflow and groundwater outflow into a channel. 
 
Bedrock: Solid rock located on or below the ground surface of the earth. 
 
Best Management Practice (BMP): A structure or practice designed to prevent the discharge of 
one or more pollutants to the land surface in an attempt to minimize their availability for wash-
off by stormwater. 
 
Detention Time: The average amount of time a volume of water is detained in a BMP. 
 
Dewatering: Refers to a process used in detention/retention facilities, where water is drawn 
down to a preset elevation to maintain storage capacity of the facility to attenuate flow. 
 
Drainage Area: The measure of the area of a watershed. 
 
Emergency Spillway: The channel of a pond-type BMP, which is designed to pass a storm event 
which exceeds the design capacity of the main discharge structure. 
 
Erosion: The wearing of the land surface by water or wind and the subsequent detachment and 
transportation of those particles. 
 
Exfiltration: The downward movement of runoff through the bottom of an infiltration BMP into 
the soil layer. 
 
FEMA: United State Flood Emergency Management Agency 
 
Forebay: An extra storage area provided near an inlet of a pond BMP to trap incoming sediment 
before it accumulates in a pond BMP. 
 
Groundwater Table: The zone within the soil where the void spaces between soil particles are 
saturated (filled) with water. 
 
Hydrograph: A graph or table displaying discharge, depth (stage), velocity, or another property 
of flowing water versus time. 
 
Hydrology: The study of the movement of water between the earth’s atmosphere, surface, and 
subsurface. 
 
Hydrologic Cycle: The circulation of water between the earth’s atmosphere, surface, and 
subsurface 
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Impoundment: The body of water retained by a dam, or berm. 
 
Infiltration: The downward movement of water through the land surface at ground level into the 
underlying subsoil. 
 
Interception: As precipitation falls on the earth’s surface, the trapping of a portion of the water 
on the surfaces of plants. 
 
Invert: The lowest point on the inside of a culvert or pipe. 
 
NRCS: United States Department of Agriculture, Natural Resources Conservation Service. 
 
Nonpoint Source Pollution: Pollution caused by sediment, nutrients, and organic and toxic 
substances originating from land-use activities and/or from the atmosphere, which are carried to 
surface water bodies by runoff. 
 
Outfall: The point or structure of a conduit discharging to a water body. 
 
Peak Discharge: The maximum flow for a given rainfall event at specified location. 
 
Pervious: Porous, as to allow the passage of water. 
 
Point Source: A distinct, identifiable source of pollutants. 
 
Precipitation: Water from the earth’s atmosphere that falls on the earth’s surface. 
 
Rainfall Distribution: The variation in rainfall intensity over the duration of a particular storm 
event. 
 
Rainfall Intensity: The rate at which precipitation occurs at a given instant. 
 
Reach: The smallest portion of a discharge system consisting of uniform cross-section, shape, 
and slope. 
 
Recharge: Process which results in the replenishment of groundwater from water that infiltrates 
into the ground, and subsequently moves through the ground as unsaturated flow and saturated 
flow. 
 
Retention: The holding of runoff in a basin without release except by means of evaporation, 
infiltration, or emergency bypass. 
 
Runoff Volume: The total volume of water that occurs as “Direct Runoff” during a particular 
storm event. 
 
Sediment: Mineral and organic soil material that is transported in suspension by wind or flowing 
water, from its origin to another location. 
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Sheet Flow: Runoff which flows over the ground surface as a thin, even layer, which is not 
concentrated in a channel. 
 
Storm Duration: The length of time from the beginning of rainfall to the point when there is no 
more additional accumulation of precipitation. 
 
Stormwater Management: The process of controlling the quality and quantity of stormwater to 
protect the downstream environment. 
 
Time of Concentration: The time required for water to travel from the hydraulically most 
distance point to the outlet of a watershed, or the total of all travel times in a watershed. 
 
TMDL – Total Maximum Daily Load: A total maximum daily load (TMDL) is the greatest 
amount of a pollutant that a water body can accept and still meet water quality standards for 
protecting public health and maintaining the designated beneficial uses of those waters for 
drinking, swimming, recreation, and fishing. 
 
Type III Storm: A synthetic distribution of rainfall intensity over time that is used to develop 
peak rates of discharge in the SCS TR-55 runoff estimation method 
 
Water Table: The upper surface of groundwater in a saturated zone of soil or bedrock. 
Watershed: The region contributing runoff to designated point of interest on the earth’s surface. 
Sometimes referred to as “catchment”.  
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Appendix B – Links 
Policies and guidance documents implementing the regulatory programs for water resource 
protection, including drinking water, wetlands, waterways, water conservation, and more. 
http://www.mass.gov/dep/water/laws/policies.htm#storm 
 
Definitions applicable to the NPDES program, from the Federal Register. 
http://www.mass.gov/dep/water/laws/stormdef.htm 
 
Information about TMDLs and draft and final TMDL Reports for Massachusetts watersheds. 
http://www.mass.gov/dep/water/resources/tmdls.htm#nashua 
 
Information on the Clean Water Act (CWA) Statute, Regulations, and Enforcement 
http://www.epa.gov/compliance/civil/cwa/cwaenfstatreq.html 
 
MassDOT (MassHighway) – State Highway Layout Plan Search Engine 
http://www.mhd.state.ma.us/Layouts/Main.asp?ACTION=PreLayoutSearch 
 
Natural Resources Conservation Service - Web Soil Survey 
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 
 
Vertical Control Point Conversion Factor 
http://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con.prl 
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Appendix C – The Stormwater Management Standards 
1. No new stormwater conveyances (e.g. outfalls) may discharge untreated stormwater directly to or cause 
erosion in wetlands or waters of the Commonwealth. 
2. Stormwater management systems shall be designed so that post-development peak discharge rates do not 
exceed pre-development peak discharge rates. This Standard may be waived for discharges to land subject 
to coastal storm flowage as defined in 310 CMR 10.04. 
3. Loss of annual recharge to groundwater shall be eliminated or minimized through the use of infiltration 
measures including environmentally sensitive site design, low impact development techniques, stormwater 
best management practices, and good operation and maintenance. At a minimum, the annual recharge from 
the post-development site shall approximate the annual recharge from pre-development conditions based on 
soil type.  This Standard is met when the stormwater management system is designed to infiltrate the 
required recharge volume as determined in accordance with the Massachusetts Stormwater Handbook. 
4. Stormwater management systems shall be designed to remove 80% of the average annual post-construction 
load of Total Suspended Solids (TSS).  This Standard is met when: 
a. Suitable practices for source control and pollution prevention are identified in a long-term 
pollution prevention plan, and thereafter are implemented and maintained; 
b. Structural stormwater best management practices are sized to capture the required water quality 
volume determined in accordance with the Massachusetts Stormwater Handbook; and 
c. Pretreatment is provided in accordance with the Massachusetts Stormwater Handbook. 
5. For land uses with higher potential pollutant loads, source control and pollution prevention shall be 
implemented in accordance with the Massachusetts Stormwater Handbook to eliminate or reduce the 
discharge of stormwater runoff from such land uses to the maximum extent practicable.  If through source 
control and/or pollution prevention all land uses with higher potential pollutant loads cannot be completely 
protected from exposure to rain, snow, snow melt, and stormwater runoff, the proponent shall use the 
specific structural stormwater BMPs determined by the Department to be suitable for such uses as provided 
in the Massachusetts Stormwater Handbook.  Stormwater discharges from land uses with higher potential 
pollutant loads shall also comply with the requirements of the Massachusetts Clean Waters Act, M.G.L. c. 
21, §§ 26-53 and the regulations promulgated there under at 314 CMR 3.00, 314 CMR 4.00 and 314 CMR 
5.00. 
6. Stormwater discharges within the Zone II or Interim Wellhead Protection Area of a public water supply, 
and stormwater discharges near or to any other critical area, require the use of the specific source control 
and pollution prevention measures and the specific structural stormwater best management practices 
determined by the Department to be suitable for managing discharges to such areas, as provided in the 
Massachusetts Stormwater Handbook. A discharge is near a critical area if there is a strong likelihood of a 
significant impact occurring to said area, taking into account site-specific factors.  Stormwater discharges 
to Outstanding Resource Waters and Special Resource Waters shall be removed and set back from the 
receiving water or wetland and receive the highest and best practical method of treatment.  A “storm water 
discharge” as defined in 314 CMR 3.04(2)(a)1 or (b) to an Outstanding Resource Water or Special 
Resource Water shall comply with 314 CMR 3.00 and 314 CMR 4.00.  Stormwater discharges to a Zone I 
or Zone A are prohibited unless essential to the operation of a public water supply. 
7. A redevelopment project is required to meet the following Stormwater Management Standards only to the 
maximum extent practicable: Standard 2, Standard 3, and the pretreatment and structural best management 
practice requirements of Standards 4, 5, and 6. Existing stormwater discharges shall comply with Standard 
1 only to the maximum extent practicable.  A redevelopment project shall also comply with all other 
requirements of the Stormwater Management Standards and improve existing conditions. 
8. A plan to control construction-related impacts including erosion, sedimentation and other pollutant sources 
during construction and land disturbance activities (construction period erosion, sedimentation, and 
pollution prevention plan) shall be developed and implemented. 
9. A long-term operation and maintenance plan shall be developed and implemented to ensure that stormwater 
management systems function as designed. 
10. All illicit discharges to the stormwater management system are prohibited.  
PPM0904 
Stormwater & NPS Pollution 
 
63 
 
 
 
 
 
 
Appendix D – Stormwater Quality Analysis Results 
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ANION_report/lntegration
Chromeleon (c) Dionex 1996-2008
Version 6.80 SR7 Build 2528 (148369)
Operatordpel Timebase:CEE11_1 Sequence: 11-17-09 Mathisen-Lepage-2 Page 3
11/17/2009 4:16 PM
Sample Name: Wachusett Upstream Inj. Vol.: 100.0
Sample Type: unknown Dilution Factor: 1.0000
Program: Anion Basic-100ul Operator: n.a.
Inj. Date/Time: 17/11/09 08:08 Run Time: 30.00
No. Time
min
Peak Name Type Area
uS*min
Height
uS
Amount
PPb
2 3.06 Fluoride BMB 0.019 0.112 10.7910
3 6.29 Chloride BMB 0.437 2.081 416.4232
5 10.03 Sulfate BMB 0.302 0.770 381.1310
7 18.71 Nitrate BMB 0.049 0.080 87.3393
8 24.72 Phosphate BMB 0.022 0.023 66.7413
—IBTAM MS 3JZ... 962.43
11-17-09 Mathisen-Lepage-2 #3
-0.0O
-0.5O
ANIONj-eport/lntegration
Wachusett Upstream ECD 1
30.0
Chromeleon (c) Dionex 1996-2008
Version 6.80 SR7 Build 2528 (148369)
Operatordpel Timebase:CEE11_1 Sequence:! 1-17-09 Mathisen-Lepage-2 Page 4
11/17/2009 4:16 PM
Sample Name: Wachusett Downstream Inj. Vol.: 100.0
Sample Type: unknown Dilution Factor: 1.0000
Program: Anion Basic-100ul Operator: n.a.
Inj. Date/Time: 17/11/09 08:39 30.00
No. Time
min
Peak Name Type Area
uS*min
Height
uS
Amount
ppb
2 3.06 Fluoride BMB 0.017 0.113 9.6560
3 6.29 Chloride BMB 0.583 2.811 555.4338
5 10.03 Sulfate BM 0.409 1.098 516.6938
7 18.70 Nitrate BMB 0.095 0.153 169.8060
8 24.78 Phosphate BMB 0.025 0.028 76.5790
LQIAL;,
.,,.112. £22 1328.17
11-17-09 Mathisen-Lepage-2 #4 Wachusett Downstream
ANION_report/lntegration
ECD 1
30.0
Chromeleon (c) Dionex 1996-2008
Version 6.80 SR7 Build 2528 (148369)
Operatordpel Timebase:CEE11_1 Sequence: 11-17-09 Mathisen-Lepage-2 Page 5
11/17/2009 4:16 PM
Sample Name: MQP_140_62_9:45AM Inj. Vol.: 100.0
Sample Type: unknown Dilution Factor: 1.0000
Program: Anion Basic-100ul Operator: n.a.
Inj. Date/Time: 17/11/09 09:09
-3&GQ
No. Time
min
Peak Name Type Area
uS*min
Height
uS
Amount
PPb
2 3.07 Fluoride BM 0.014 0.124 7.6488
4 6.28 Chloride BM 1.786 8.847 1701.9389
7 10.02 Sulfate MB 0.622 1.627 786.6243
9 18.72 Nitrate BMB 0.022 0.036 38.7194
10 24.71 Phosphate BMB 0.137 0.141 417.4019
TOTAL: 3.SB mi 2952.33
14 0 ,11'17'09 Mathisen-Lepage-2 #5 MQP 140 62 9:45AM
ANION_report/lntegration
ECD 1
Chromeleon (c) Dionex 1996-2008
Version 6.80 SR7 Build 2528 (148369)
Operatordpel Timebase:CEE11_1 Sequence: 11-17-09 Mathisen-Lepage-2 Page 6
11/17/2009 4:16 PM
Sample Name: MQP_140_62_10:30AM Inj. Vol.: 100.0
Sample Type: unknown Dilution Factor: 1.0000
Program: Anion Basic-100ul Operator: n.a.
Inj. Date/Time: 17/11/09 09:44
-?.m
No. Time
min
Peak Name Type Area
uS*min
Height
uS
Amount
PPb
2 3.06 Fluoride BMB 0.014 0.092 7.5564
4 6.29 Chloride BMB 0.499 2.383 475.6416
6 10.02 Sulfate BM 0.253 0.672 319.5189
8 18.70 Nitrate BMB 0.058 0.097 104.3356
I2IAL2 ML 3,34 307,05
11-17-09 Mathisen-Lepage-2 #6 MQP 140 62 10:30AM
ANION_report/lntegration
ECD 1
30.0
Chromeleon (c) Dionex 1996-2008
Version 6.80 SR7 Build 2528 (148369)
Operatordpel Timebase:CEE11_1 Sequence: 11-17-09 Mathisen-Lepage-2 Page 7
11/17/2009 4:16 PM
Sample Name: MQP_140_62J2:46pm Inj. Vol.: 100.0
Sample Type: unknown Dilution Factor: 1.0000
Program: Anion Basic-100ul Operator: n.a.
Inj. Date/Time: 17/11/09 10:31
-sm
No. Time
min
Peak Name Type Area
uS*min
Height
uS
Amount
PPb
2 3.07 Fluoride BMB 0.023 0.120 12.6903
3 6.27 Chloride BM 3.248 16.066 3094.8116
5 10.01 Sulfate M 0.994 2.765 1255.4974
7 18.70 Nitrate BMB 0.048 0.080 85.7642
8 24.70 Phosphate BMB 0.097 0.101 296.4708
JPMk Ail 19.13 4745.23
25 0 }1"17"09 Mathisen-Lepage-2 #7
22.5-
20.0-
17.5
15.0-
12.5-
10.0-
ANIONjeport/lntegration
MQP_140_62_12:46pm ECD 1
30.0
Chromeleon (c) Dionex 1996-2008
Version 6.80 SR7 Build 2528 (148369)
Operatordpel Timebase:CEE11 _1 Sequence: 11-17-09 Mathisen-Lepage-2 Page 8
11/17/2009 4:16 PM
Sample Name: MQPJ40_62_2:26PM Inj. Vol.: 100.0
Sample Type: unknown Dilution Factor: 1.0000
Program: Anion Basic-100ul Operator: n.a.
Inj. Date/Time: 17/11/09 11:08 Run Time: J&flfi
No. Time
min
Peak Name Type Area
uS*min
Height
uS
Amount
PPb
2 3.06 Fluoride BMB 0.029 0.178 16.3971
4 6.26 Chloride BM 9.541 46.589 9090.9841
6 10.01 Sulfate M 2.717 7.885 3432.9688
8 18.68 Nitrate BMB 0.107 0.178 191.0685
9 24.78 Phosphate BMB 0.088 0.097 268.7598
TOTAL: 13,« 2122 12000,1?
70 Q }1"17"09 Mathisen-Lepage-2 #8
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Version 6.80 SR7 Build 2528 (148369)
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Appendix E – Hydrolab MS5 Raw Data 
Table 7 - Hydrolab MS5 Raw Data 
Hydrolab MS5 Raw Data Report 
Selection of BMPs for Stormwater Pollution Control 
 At the Intersection of Rt 140 and Rt 62 - Sterling, MA 01564 
Date / Time 
IBatt 
[%Left] 
Temp 
[°F] 
Dep25 
[feet] SpCond [µS/cm] 
pH 
[Units] 
TurbSC 
[NTU] 
LDO% 
[Sat] 
LDO 
[mg/l] 
11/14/2009 11:30 48 47.2 1.7 29 6.51 30.3 93.2 10.71 
11/14/2009 11:35 45 47.3 1.7 27 6.56 27.7 94.8 10.87 
11/14/2009 11:40 44 47 1.7 27 6.48 32.9 93.2 10.73 
11/14/2009 11:45 44 46.7 1.7 42 6.42 27.9 91.4 10.57 
11/14/2009 11:50 44 46.6 1.7 44 6.36 28.5 89.2 10.33 
11/14/2009 11:55 44 46.9 1.7 35 6.37 27.7 89.2 10.28 
11/14/2009 12:00 42 46.4 1.7 53 6.41 22.3 90.4 10.5 
11/14/2009 12:05 42 47 1.7 36 6.31 17.6 88.2 10.15 
11/14/2009 12:10 42 47.3 1.7 39 6.35 15.5 91.8 10.53 
11/14/2009 12:15 42 46.2 1.7 62 6.29 15.9 89.5 10.42 
11/14/2009 12:20 42 46.2 1.7 67 6.27 16.7 85.8 9.99 
11/14/2009 12:25 42 46.4 1.7 51 6.28 14.1 88.6 10.29 
11/14/2009 12:30 41 46.3 1.7 61 6.29 12.2 89.1 10.35 
11/14/2009 12:35 41 46.4 1.7 54 6.28 10.3 89.8 10.43 
11/14/2009 12:40 41 46.8 1.7 53 6.3 9.2 89.3 10.31 
11/14/2009 12:45 40 46.5 1.7 53 6.27 8.4 90.8 10.52 
11/14/2009 12:50 40 46 1.7 67 6.25 8.1 85.2 9.94 
11/14/2009 12:55 40 45.8 1.7 66 6.22 8.5 84.8 9.92 
11/14/2009 13:00 40 45.8 1.7 64 6.26 7.9 85.3 9.98 
11/14/2009 13:05 40 45.9 1.7 62 6.25 7.3 86.2 10.07 
11/14/2009 13:10 40 46.1 1.7 61 6.25 6.6 85.7 9.99 
11/14/2009 13:15 38 45.9 1.7 64 6.26 6.4 86.1 10.06 
11/14/2009 13:20 38 46.2 1.7 60 6.23 6.5 85.8 9.99 
11/14/2009 13:25 38 45.6 1.7 76 6.29 6.7 84.7 9.93 
11/14/2009 13:30 38 45.3 1.7 82 6.3 5.9 84.2 9.92 
11/14/2009 13:35 38 45.5 1.7 66 6.3 5.2 83.8 9.84 
11/14/2009 13:40 38 45.6 1.7 61 6.32 4.7 82.6 9.69 
11/14/2009 13:45 38 45.5 1.7 72 6.31 4.1 81.6 9.58 
11/14/2009 13:50 38 45.9 1.7 73 6.31 3.8 80.9 9.46 
11/14/2009 13:55 37 45.4 1.7 80 6.29 3.6 80.8 9.51 
11/14/2009 14:00 37 45.4 1.7 83 6.27 3.3 80.3 9.45 
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Hydrolab MS5 Raw Data Report 
Selection of BMPs for Stormwater Pollution Control 
 At the Intersection of Rt 140 and Rt 62 - Sterling, MA 01564 
11/14/2009 14:05 37 45.9 1.7 79 6.26 3.2 80.1 9.37 
11/14/2009 14:10 37 45.7 1.7 80 6.25 2.8 80.4 9.41 
11/14/2009 14:15 37 45.3 1.7 82 6.24 2.6 80.8 9.51 
11/14/2009 14:20 37 45.4 1.7 82 6.24 2.5 80.4 9.46 
11/14/2009 14:25 37 45.6 1.7 82 6.24 2.4 80.1 9.4 
11/14/2009 14:30 37 45.7 1.7 82 6.2 2.4 79.9 9.35 
11/14/2009 14:35 37 45.7 1.7 84 6.24 2.3 79.9 9.36 
11/14/2009 14:40 36 45.7 1.7 83 6.23 2.4 80.1 9.38 
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Appendix F - USGS Stillwater River Stream Gauge Data 
Table 8 - STORM EVENT DATA COLLECTED BY USGS 01095220 
STORM EVENT DATA AS COLLECTED BY USGS 01095220 STILLWATER RIVER NEAR STERLING, MA 
Selection of BMPs for Stormwater Pollution Control 
 At the Intersection of Rt 140 and Rt 62 - Sterling, MA 01564 
Date / Time 
Gage Height 
(ft) 
Discharge 
(cfs) 
Specific Conductance 
@ 25°C (uS/cm) 
Temperature 
Water(°C) 
Precipitation Total 
(in) 
11/14/2009 02:30 EST 4.36 17 147 7.9 0 
11/14/2009 02:45 EST 4.36 17 146 7.9 0 
11/14/2009 03:00 EST 4.36 17 153 7.9 0 
11/14/2009 03:15 EST 4.36 17 150 7.9 0 
11/14/2009 03:30 EST 4.36 17 150 7.9 0.01 
11/14/2009 03:45 EST 4.36 17 151 7.9 0 
11/14/2009 04:00 EST 4.36 17 152 7.9 0.02 
11/14/2009 04:15 EST 4.36 17 152 7.9 0 
11/14/2009 04:30 EST 4.37 18 152 7.9 0.01 
11/14/2009 04:45 EST 4.37 18 148 7.9 0.02 
11/14/2009 05:00 EST 4.37 18 148 7.9 0.01 
11/14/2009 05:15 EST 4.37 18 150 7.9 0.02 
11/14/2009 05:30 EST 4.37 18 148 7.9 0.01 
11/14/2009 05:45 EST 4.37 18 148 7.9 0.02 
11/14/2009 06:00 EST 4.37 18 149 7.9 0.03 
11/14/2009 06:15 EST 4.38 18 149 7.9 0.04 
11/14/2009 06:30 EST 4.38 18 149 7.9 0.02 
11/14/2009 06:45 EST 4.38 18 150 7.9 0.03 
11/14/2009 07:00 EST 4.38 18 149 7.9 0.04 
11/14/2009 07:15 EST 4.39 19 145 7.9 0.06 
11/14/2009 07:30 EST 4.39 19 145 7.9 0.05 
11/14/2009 07:45 EST 4.4 19 145 7.9 0.1 
11/14/2009 08:00 EST 4.41 20 145 7.9 0.14 
11/14/2009 08:15 EST 4.42 20 145 8 0.12 
11/14/2009 08:30 EST 4.44 21 146 8 0.13 
11/14/2009 08:45 EST 4.46 22 146 8 0.15 
11/14/2009 09:00 EST 4.47 22 147 8 0.11 
11/14/2009 09:15 EST 4.49 23 148 8.1 0.09 
11/14/2009 09:30 EST 4.5 24 150 8.1 0.06 
11/14/2009 09:45 EST 4.51 24 152 8.1 0.09 
11/14/2009 10:00 EST 4.53 25 154 8.1 0.1 
11/14/2009 10:15 EST 4.55 26 156 8.1 0.17 
11/14/2009 10:30 EST 4.58 28 161 8.1 0.1 
11/14/2009 10:45 EST 4.6 29 164 8.2 0.08 
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STORM EVENT DATA AS COLLECTED BY USGS 01095220 STILLWATER RIVER NEAR STERLING, MA 
Selection of BMPs for Stormwater Pollution Control 
 At the Intersection of Rt 140 and Rt 62 - Sterling, MA 01564 
11/14/2009 11:00 EST 4.62 30 168 8.2 0.07 
11/14/2009 11:15 EST 4.64 31 169 8.2 0.08 
11/14/2009 11:30 EST 4.66 32 173 8.2 0.06 
11/14/2009 11:45 EST 4.68 33 179 8.2 0.04 
11/14/2009 12:00 EST 4.7 34 181 8.3 0.03 
11/14/2009 12:15 EST 4.72 35 183 8.3 0.02 
11/14/2009 12:30 EST 4.73 36 187 8.3 0.04 
11/14/2009 12:45 EST 4.74 36 189 8.3 0.05 
11/14/2009 13:00 EST 4.76 38 188 8.3 0 
11/14/2009 13:15 EST 4.76 38 186 8.4 0.03 
11/14/2009 13:30 EST 4.76 38 182 8.4 0.03 
11/14/2009 13:45 EST 4.77 38 180 8.4 0 
11/14/2009 14:00 EST 4.78 39 177 8.4 0.01 
11/14/2009 14:15 EST 4.78 39 174 8.4 0 
11/14/2009 14:30 EST 4.79 40 172 8.4 0.03 
11/14/2009 14:45 EST 4.79 40 171 8.4 0 
   
TOTAL PRECIPITATION (IN) 2.32 
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Figure 21 - USGS 01095220 Gauge Height Graph 
 
Figure 22 - USGS 01095220 Discharge Graph 
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Figure 23 - USGS 01095220 Temperature of Water 
 
Figure 24 - USGS 01095220 Specific Conductance of Unfiltered Water 
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Figure 25 - USGS 01095220 Total Precipitation 
 
Figure 26 - USGS 01095220 Temperature of Air 
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Appendix G – Stormceptor Detailed Design Report  
1Stormceptor Sizing Detailed Report
PCSWMM for Stormceptor
Project Information
Date 2/20/2010
Project Name MQP
Project Number 282-001
Location Sterling, MA
Stormwater Quality Objective
This report outlines how Stormceptor System can achieve a defined water quality objective through the
removal of total suspended solids (TSS).  Attached to this report is the Stormceptor Sizing Summary.
Stormceptor System Recommendation
The Stormceptor System model STC 7200 achieves the water quality objective removing 81% TSS for a
NJDEP (clay, silt, sand) particle size distribution.
The Stormceptor System
The Stormceptor oil and sediment separator is sized to treat stormwater runoff by removing pollutants
through gravity separation and flotation.  Stormceptor’s patented design generates positive TSS removal
for all rainfall events, including large storms. Significant levels of pollutants such as heavy metals, free oils
and nutrients are prevented from entering natural water resources and the re-suspension of previously
captured sediment (scour) does not occur. 
Stormceptor provides a high level of TSS removal for small frequent storm events that represent the
majority of annual rainfall volume and pollutant load.  Positive treatment continues for large infrequent
events, however, such events have little impact on the average annual TSS removal as they represent a
small percentage of the total runoff volume and pollutant load. 
Stormceptor is the only oil and sediment separator on the market sized to remove TSS for a wide range of
particle sizes, including fine sediments (clays and silts), that are often overlooked in the design of other
stormwater treatment devices.
2Small storms dominate hydrologic activity, US EPA reports
“Early efforts in stormwater management focused on flood events ranging from the 2-yr
to the 100-yr storm. Increasingly stormwater professionals have come to realize that
small storms (i.e. < 1 in. rainfall) dominate watershed hydrologic parameters typically
associated with water quality management issues and BMP design. These small storms
are responsible for most annual urban runoff and groundwater recharge. Likewise, with
the exception of eroded sediment, they are responsible for most pollutant washoff from
urban surfaces. Therefore, the small storms are of most concern for the stormwater
management objectives of ground water recharge, water quality resource protection and
thermal impacts control.”
“Most rainfall events are much smaller than design storms used for urban drainage
models. In any given area, most frequently recurrent rainfall events are small (less than 1
in. of daily rainfall).”
“Continuous simulation offers possibilities for designing and managing BMPs on an
individual site-by-site basis that are not provided by other widely used simpler analysis
methods.  Therefore its application and use should be encouraged.”
– US EPA Stormwater Best Management Practice Design Guide, Volume 1 – General
Considerations, 2004
Design Methodology
Each Stormceptor system is sized using PCSWMM for Stormceptor, a continuous simulation model based
on US EPA SWMM. The program calculates hydrology from up-to-date local historical rainfall data and
specified site parameters. With US EPA SWMM’s precision, every Stormceptor unit is designed to
achieve a defined water quality objective.
The TSS removal data presented follows US EPA guidelines to reduce the average annual TSS load.
Stormceptor’s unit process for TSS removal is settling.  The settling model calculates TSS removal by
analyzing (summary of analysis presented in Appendix 2):
? Site parameters
? Continuous historical rainfall, including duration, distribution, peaks (Figure 1)
? Interevent periods
? Particle size distribution
? Particle settling velocities (Stokes Law, corrected for drag)
? TSS load (Figure 2)
? Detention time of the system 
The Stormceptor System maintains continuous positive TSS removal for all influent flow rates. Figure 3
illustrates the continuous treatment by Stormceptor throughout the full range of storm events analyzed.  It
is clear that large events do not significantly impact the average annual TSS removal.  There is no decline
in cumulative TSS removal, indicating scour does not occur as the flow rate increases.
3Figure 1.  Runoff Volume by Flow Rate for STERLING 2 NNW – MA 8159, 1948 to 1972 for 32.18 ac,
10% impervious. Small frequent storm events represent the majority of annual rainfall volume. Large
infrequent events have little impact on the average annual TSS removal, as they represent a small
percentage of the total annual volume of runoff.
Figure 2.  Long Term Pollutant Load by Flow Rate for STERLING 2 NNW – 8159, 1948 to 1972 for
32.18 ac, 10% impervious. The majority of the annual pollutant load is transported by small frequent
4storm events.  Conversely, large infrequent events carry an insignificant percentage of the total annual
pollutant load. 
Stormceptor Model
TSS Removal (%)
STC 7200
81
Drainage Area (ac)
Impervious (%)
32.18
10
Figure 3.  Cumulative TSS Removal by Flow Rate for STERLING 2 NNW – 8159, 1948 to 1972.
Stormceptor continuously removes TSS throughout the full range of storm events analyzed.   Note that
large events do not significantly impact the average annual TSS removal.  Therefore no decline in
cumulative TSS removal indicates scour does not occur as the flow rate increases.
5Appendix 1
Stormceptor Design Summary
Project Information
Date 2/20/2010
Project Name MQP
Project Number 282-001
Location Sterling, MA
Designer Information
Company Worcester Polytechnic Institute
Contact Eric J. Morse
Rainfall
Name STERLING 2 NNW
State MA
ID 8159
Years of Records 1948 to 1972
Latitude 42°27'0"N
Longitude 71°48'0"W
Notes
N/A
Water Quality Objective
TSS Removal (%) 80
Drainage Area
Total Area (ac) 32.18
Imperviousness (%) 10
The Stormceptor System model STC 7200 achieves
the water quality objective removing 81% TSS for a
NJDEP (clay, silt, sand) particle size distribution.
Upstream Storage
Storage Discharge
(ac-ft) (cfs)
0 0
Stormceptor Sizing Summary
Stormceptor Model TSS Removal
%
STC 450i 59
STC 900 69
STC 1200 68
STC 1800 68
STC 2400 73
STC 3600 73
STC 4800 77
STC 6000 78
STC 7200 81
STC 11000 85
STC 13000 85
STC 16000 87
6Particle Size Distribution
Removing silt particles from runoff ensures that the majority of the pollutants, such as hydrocarbons and heavy
metals that adhere to fine particles, are not discharged into our natural water courses.  The table below lists the
particle size distribution used to define the annual TSS removal.
NJDEP (clay, silt, sand)
Particle Size Distribution SpecificGravity
Settling
Velocity Particle Size Distribution
Specific
Gravity
Settling
Velocity
µm % ft/s µm % ft/s
1 5 2.65 0.0012
4 15 2.65 0.0012
29 25 2.65 0.0025
75 15 2.65 0.0133
175 30 2.65 0.0619
375 5 2.65 0.1953
750 5 2.65 0.4266
Stormceptor Design Notes
? Stormceptor performance estimates are based on simulations using PCSWMM for Stormceptor.
? Design estimates listed are only representative of specific project requirements based on total suspended
solids (TSS) removal.
? Only the STC 450i is adaptable to function with a catch basin inlet and/or inline pipes.
? Only the Stormceptor models STC 450i to STC 7200 may accommodate multiple inlet pipes.
? Inlet and outlet invert elevation differences are as follows:
Inlet and Outlet Pipe Invert Elevations Differences
Inlet Pipe Configuration STC 450i STC 900 to STC7200
STC 11000 to
STC 16000
Single inlet pipe  3 in.  1 in.  3 in.
Multiple inlet pipes  3 in.  3 in. Only one inletpipe.
? Design estimates are based on stable site conditions only, after construction is completed.
? Design estimates assume that the storm drain is not submerged during zero flows.  For submerged
applications, please contact your local Stormceptor representative.
? Design estimates may be modified for specific spills controls.  Please contact your local Stormceptor
representative for further assistance.
? For pricing inquiries or assistance, please contact Rinker Materials  1 (800) 909-7763
www.rinkerstormceptor.com
7Appendix 2
Summary of Design Assumptions
SITE DETAILS
Site Drainage Area
Total Area (ac) 32.18 Imperviousness (%) 10
Surface Characteristics
Width (ft) 2368
Slope (%) 2
Impervious Depression Storage (in.) 0.02
Pervious Depression Storage (in.) 0.2
Impervious Manning’s n 0.015
Pervious Manning's n 0.25
Maintenance Frequency
Sediment build-up reduces the storage volume for
sedimentation.  Frequency of maintenance is
assumed for TSS removal calculations.
Maintenance Frequency (months) 12
Infiltration Parameters
Horton’s equation is used to estimate infiltration
Max. Infiltration Rate (in/hr) 2.44
Min. Infiltration Rate (in/hr) 0.4
Decay Rate (s-1) 0.00055
Regeneration Rate (s-1) 0.01
Evaporation
Daily Evaporation Rate (inches/day) 0.1
Dry Weather Flow
Dry Weather Flow (cfs) No
Upstream Attenuation
Stage-storage and stage-discharge relationship used to model attenuation upstream of the Stormceptor System
is identified in the table below.
Storage Discharge
ac-ft cfs
0 0
8PARTICLE SIZE DISTRIBUTION
Particle Size Distribution
Removing fine particles from runoff ensures the majority of pollutants, such as heavy metals, hydrocarbons, free oils
and nutrients are not discharged into natural water resources.   The table below identifies the particle size distribution
selected to define TSS removal for the design of the Stormceptor System.
NJDEP (clay, silt, sand)
Particle Size Distribution SpecificGravity
Settling
Velocity Particle Size Distribution
Specific
Gravity
Settling
Velocity
µm % ft/s µm % ft/s
1 5 2.65 0.0012
4 15 2.65 0.0012
29 25 2.65 0.0025
75 15 2.65 0.0133
175 30 2.65 0.0619
375 5 2.65 0.1953
750 5 2.65 0.4266
Figure 1. PCSWMM for Stormceptor standard design grain size distributions.
9TSS LOADING
TSS Loading Parameters
TSS Loading Function Buildup / Washoff
 Parameters
Target Event Mean Concentration
(EMC) (mg/L) 125
Exponential Buildup Power 0.4
Exponential Washoff Exponential 0.2
HYDROLOGY ANALYSIS
PCSWMM for Stormceptor calculates annual hydrology with the US EPA SWMM and local continuous historical
rainfall data.  Performance calculations of the Stormceptor System are based on the average annual removal of
TSS for the selected site parameters.  The Stormceptor System is engineered to capture fine particles (silts and
sands) by focusing on average annual runoff volume ensuring positive removal efficiency is maintained during all
rainfall events, while preventing the opportunity for negative removal efficiency (scour).
Smaller recurring storms account for the majority of rainfall events and average annual runoff volume, as observed
in the historical rainfall data analyses presented in this section.
Rainfall Station
Rainfall Station STERLING 2 NNW
Rainfall File Name MA8159.NDC Total Number of Events 3228
Latitude 42°27'0"N Total Rainfall (in.) 926.8
Longitude 71°48'0"W Average Annual Rainfall (in.) 37.1
Elevation (ft) 722 Total Evaporation (in.) 9.2
Rainfall Period of Record (y) 25 Total Infiltration (in.) 827.9
Total Rainfall Period (y) 25 Percentage of Rainfall that isRunoff (%) 10.0
10
Rainfall Event Analysis
Rainfall Depth No. of Events Percentage ofTotal Events Total Volume
Percentage of
Annual Volume
in. % in. %
0.25 2272 70.4 170 18.3
0.50 412 12.8 152 16.4
0.75 201 6.2 124 13.4
1.00 108 3.3 94 10.1
1.25 82 2.5 93 10.0
1.50 63 2.0 86 9.3
1.75 29 0.9 47 5.0
2.00 19 0.6 36 3.9
2.25 14 0.4 30 3.2
2.50 7 0.2 17 1.8
2.75 6 0.2 16 1.7
3.00 3 0.1 9 0.9
3.25 3 0.1 9 1.0
3.50 0 0.0 0 0.0
3.75 1 0.0 4 0.4
4.00 0 0.0 0 0.0
4.25 1 0.0 4 0.4
4.50 1 0.0 4 0.5
4.75 2 0.1 9 1.0
5.00 1 0.0 5 0.5
5.25 1 0.0 5 0.6
5.50 0 0.0 0 0.0
5.75 0 0.0 0 0.0
6.00 0 0.0 0 0.0
6.25 0 0.0 0 0.0
6.50 1 0.0 6 0.7
6.75 0 0.0 0 0.0
7.00 1 0.0 7 0.7
7.25 0 0.0 0 0.0
7.50 0 0.0 0 0.0
7.75 0 0.0 0 0.0
8.00 0 0.0 0 0.0
8.25 0 0.0 0 0.0
>8.25 0 0.0 0 0.0
11
Pollutograph
Flow Rate Cumulative Mass
cfs %
0.035 50.9
0.141 67.7
0.318 77.4
0.565 83.6
0.883 88.9
1.271 92.9
1.73 95.6
2.26 97.3
2.86 98.3
3.531 98.9
4.273 99.3
5.085 99.6
5.968 99.7
6.922 99.8
7.946 99.9
9.041 99.9
10.206 100.0
11.442 100.0
12.749 100.0
14.126 100.0
15.574 100.0
17.092 100.0
18.681 100.0
20.341 100.0
22.072 100.0
23.873 100.0
25.744 100.0
27.687 100.0
29.7 100.0
31.783 100.0
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Appendix H – Construction Drawings and Specifications  
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Appendix I – Detailed Earthwork Cost Estimate Reports 
Cut and Fill Calculations 
Volumes by Triangulation (Prisms)                           Tue May 18 21:52:27 2010 
Existing Surface: K:\\My_Documents\\MQP\\__MQP Project\\282-001 Sterling MA Site\\DTM\\282-001 Existing Conditions 5-18-10.tin 
Final Surface:   K:\\My_Documents\\MQP\\__MQP Project\\282-001 Sterling MA Site\\DTM\\282-001 Proposed Detention Pond 4-10-10.tin 
 
Cut volume: 145,426.0 C.F., 5,386.15 C.Y., 9,102.58 Tons 
Fill volume: 3,297.9 C.F., 122.14 C.Y., 206.42 Tons 
 
Area in Cut : 29,426.2 S.F., 0.68 Acres 
Area in Fill: 5,380.5 S.F., 0.12 Acres 
Total inclusion area: 34,806.7 S.F., 0.80 Acres 
 
Average Cut Depth: 3.92 feet 
Average Fill Depth: 0.67 feet 
Cut to Fill ratio: 44.10 
Export Volume: 5,264.0 C.Y. 
Elevation Change To Reach Balance: 4.083 
Volume Change Per .1 ft: 128.9 C.Y. 
 
Cut Swell Factor  : 1.260 
Fill Shrink Factor: 0.920 
Density: 125.19 (lbs/ft^3) 
Cut (C.Y.) / Area (acres): 6740.68 
Fill (C.Y.) / Area (acres): 152.86 
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Appendix J – Project presentation Day Poster  
  
THE SELECTION OF BEST MANAGEMENT PRACTICES FOR THE REDUCTION OF
SEDIMENTS & NUTRIENTS IN STORMWATER AND NONPOINT SOURCE POLLUTION
A MAJOR QUALIFYING PROJECT
BY: ERIC J. MORSE (CIVIL ENGINEERING)
ADVISOR: PROFESSOR PAUL P. MATHISEN
BACKGROUND
In the fall of 2010 the original Route 62 bridge which spans the Stillwater 
River in Sterling, MA is slated for replacement after 87 years of service. The 
scheduled bridge reconstruction provided the perfect opportunity for the 
Massachusetts Department of Conservation and Recreation (DCR) to greatly 
improve the existing stormwater infrastructure in the vicinity of the site.
The  existing infrastructure collects stormwater from a 33 acre drainage 
area with 1.88 acres of impervious area. This stormwater is collected by 
3,600 linear feet of storm drain and subsequently discharged directly to the 
Stillwater River without any treatment. As a result, a large amount of 
sediment and various pollutants were being contributed directly to the 
Stillwater River, which feeds the Wachusett Reservoir. The goal of this 
project was to address the pollution and establish the appropriate Best 
Management Practices (BMPs) to remedy the problem. Design calculations 
were completed in accordance with the  Massachusetts Stormwater 
Management Standards under guidance of Vincent Vignaly from the DCR.
EXISTING CONDITIONS SITE SURVEY
•Deed research was completed at the Worcester County Registry of Deeds
•Mass DOT survey control and layouts website utilized for vertical control
Objectives:
•Establish property boundaries and tie into Worcester County Layout
•Tie into North American Vertical Datum of 1988
•Map existing stormwater conveyance system
•Determine list of site constraints including but not limited 
to site topology, ledge outcrops, groundwater elevation,
and invert elevations
•Create base map for proposed stormwater BMP design
DESIGN OF STORMWATER INFILTRATION
BASIN WITH PRESEDIMENTATION FOREBAY
PROJECT OBJECTIVES
•Select  BMPs to reduce contaminants contributing  to the Stillwater River
•Collect  & analyze stormwater samples to establish raw water quality
•Monitor stormwater effluent at the Stillwater River and model storm 
event for use in HydroCAD
©
model
•Survey site to establish existing property boundaries and map the 
existing stormwater conveyance system
•Model existing stormwater conveyance system using HydroCAD© to 
determine peak flow and required storage
•Compare and contrast available BMPs with emphasis placed on 
contaminant removal efficiency and capital expense
•Select appropriate BMP to  meet primary project objective
•Design  stormwater treatment system
SELECTION OF STORMWATER BMPs
ACKNOWLEDGEMENTS
Professor Paul P. Mathisen (WPI Associate professor - Project Advisor); 
Professor Suzanne LePage (WPI Adjunct Professor); Professor Jeanine D. 
Plummer (WPI Associate Professor); Donald Pellegrino (WPI Lab Manager); 
Dean Daigneault (WPI Lab Manager II); Christopher P. McClure (McClure 
Engineering, LLC); Vincent Vignaly (MassDCR); Jacob H. Morse (Baltazar 
Construction); Larry Galkowski (Rinker Materials)
STORMWATER CONVEYANCE MODELING
STORMWATER QUALITY ANALYSIS
The samples collected at the site were analyzed for a number of 
constituents commonly found in stormwater . Of primary concern were total 
suspended solids (TSS), nitrogen, and phosphorus. A sampling plan was 
created and samples were tested for temperature, pH, fluoride, chloride, 
sulfate, nitrate, phosphate, turbidity, specific conductance, total dissolved 
solids (TDS), and luminescent dissolved oxygen (LDO).
SEDIMENT ACCUMULATION
PROPOSED INFILTRATION 
BASIN & SEDIMENT FOREBAY
CrystalStream Technologies
©
StormTech SC-740 & MC-3500
©
Stormceptor STC-7200
©
Infiltration Basin with
Presedimentation Forebay
Below: The total watershed 
area was determined using 
USGS topology and scanned 
quadrangle images. Impervious 
area was calculated through 
field reconnaissance and the 
use of the existing conditions 
survey.
Above: The conveyance system 
was modeling in HydroCAD© and 
utilized to find peak flows, 
detention times, and storage 
requirements. Calculations were 
made using a custom storm 
event based on an observed 
storm event.
It was determined that the most feasible 
option would be to install a infiltration basin 
with presedimentation forebay. This was 
primarily because an 80% removal of TSS 
would be possible with relatively little 
expense. Additionally, the soils available on 
site allowed for a fairly significant amount 
of infiltration which would also facilitate the 
reduction of nitrogen and phosphorus being 
introduced to the Wachusett Reservoir.
The sediment forebay and infiltration 
basin were designed in accordance with 
Volume 2 Chapter 2: Structural BMP 
Specifications for the Massachusetts 
Stormwater Handbook. 
The sediment forebay consists of an 
excavated pit, bermed area, and weir, 
designed to slow incoming stormwater 
and facilitate gravity separation of 
suspended solids. The basin is sized to 
hold 0.1 inch/impervious acre.
An infiltration basin was 
chosen because they are 
highly effective treatment 
systems that remove many 
contaminants with adequate 
pretreatment. This system will 
ensure adequate removal of 
TSS while reducing both 
phosphorus and nitrogen.
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Appendix K – HydroCAD© Design Report 
Drainage Diagram for 282-001 MQP_Sterling MA
Prepared by {enter your company name here}        5/22/2010
HydroCAD® 7.10  s/n 002532  © 2005 HydroCAD Software Solutions LLC
Subcat Reach Pond Link
1S
Redemption Rock Trail
 Impervious
2S
Wooded
3S
Princeton Rd Impervious
4S
Princeton Rd Impervious
5S
Princeton Rd Impervious
6S
Princeton Rd Impervious
7S
Princeton Rd Impervious
8S
Wooded
9S
Holden Road
10S
Wood / Grass Combo
1R
DMH1
1P
CB
CB1
2P
CB
CB2
3P
CB
CB3
4P
CB
CB4
5P
CB
CB5
6P
CB
CB6
7P
CB
Proposed Diversion
 Manhole
8P
POND
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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5/22/2010HydroCAD® 7.10  s/n 002532  © 2005 HydroCAD Software Solutions LLC
Subcatchment 1S: Redemption Rock Trail Impervious
Runoff = 0.73 cfs @ 12.07 hrs,  Volume= 0.053 af,  Depth> 3.29"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.192 89 Paved roads w/open ditches, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.6 25 0.0127 0.7 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.00"
1.6 220 0.0127 2.3 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps
2.2 245 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 1S: Redemption Rock Trail Impervious
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.192 ac
Runoff Volume=0.053 af
Runoff Depth>3.29"
Flow Length=245'
Tc=5.0 min
CN=89
0.73 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 2S: Wooded
Runoff = 2.27 cfs @ 13.41 hrs,  Volume= 0.875 af,  Depth= 0.41"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
25.400 48 Brush, Good, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
31.9 150 0.0300 0.1 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.00"
45.0 2,300 0.0290 0.9 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps
76.9 2,450 Total
Subcatchment 2S: Wooded
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
2
1
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=25.400 ac
Runoff Volume=0.875 af
Runoff Depth=0.41"
Flow Length=2,450'
Tc=76.9 min
CN=48
2.27 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 3S: Princeton Rd Impervious
Runoff = 0.28 cfs @ 12.07 hrs,  Volume= 0.021 af,  Depth> 3.29"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.075 89 Paved roads w/open ditches, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.5 25 0.0234 0.9 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.00"
1.4 264 0.0234 3.1 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps
1.9 289 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 3S: Princeton Rd Impervious
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.075 ac
Runoff Volume=0.021 af
Runoff Depth>3.29"
Flow Length=289'
Tc=5.0 min
CN=89
0.28 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 4S: Princeton Rd Impervious
Runoff = 0.28 cfs @ 12.07 hrs,  Volume= 0.020 af,  Depth> 3.29"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.074 89 Paved roads w/open ditches, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.5 25 0.0235 0.9 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.00"
1.3 250 0.0235 3.1 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps
1.8 275 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 4S: Princeton Rd Impervious
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.074 ac
Runoff Volume=0.020 af
Runoff Depth>3.29"
Flow Length=275'
Tc=5.0 min
CN=89
0.28 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 5S: Princeton Rd Impervious
Runoff = 0.33 cfs @ 12.07 hrs,  Volume= 0.024 af,  Depth> 3.29"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.088 89 Paved roads w/open ditches, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.6 25 0.0160 0.8 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.00"
1.9 292 0.0160 2.6 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps
2.5 317 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 5S: Princeton Rd Impervious
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.36
0.34
0.32
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.088 ac
Runoff Volume=0.024 af
Runoff Depth>3.29"
Flow Length=317'
Tc=5.0 min
CN=89
0.33 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 6S: Princeton Rd Impervious
Runoff = 0.27 cfs @ 12.07 hrs,  Volume= 0.019 af,  Depth> 3.29"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.071 89 Paved roads w/open ditches, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.5 25 0.0250 0.9 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.00"
0.9 167 0.0250 3.2 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps
1.4 192 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 6S: Princeton Rd Impervious
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.071 ac
Runoff Volume=0.019 af
Runoff Depth>3.29"
Flow Length=192'
Tc=5.0 min
CN=89
0.27 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 7S: Princeton Rd Impervious
Runoff = 0.35 cfs @ 12.07 hrs,  Volume= 0.025 af,  Depth> 3.29"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.092 89 Paved roads w/open ditches, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.5 25 0.0250 0.9 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.00"
0.9 177 0.0250 3.2 Shallow Concentrated Flow, 
Paved   Kv= 20.3 fps
1.4 202 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 7S: Princeton Rd Impervious
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.38
0.36
0.34
0.32
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.092 ac
Runoff Volume=0.025 af
Runoff Depth>3.29"
Flow Length=202'
Tc=5.0 min
CN=89
0.35 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 8S: Wooded
Runoff = 0.40 cfs @ 13.39 hrs,  Volume= 0.152 af,  Depth= 0.41"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
4.400 48 Brush, Good, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
55.6 300 0.0300 0.1 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 2.00"
8.9 890 0.1100 1.7 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps
11.2 865 0.0660 1.3 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps
75.7 2,055 Total
Subcatchment 8S: Wooded
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.44
0.42
0.4
0.38
0.36
0.34
0.32
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=4.400 ac
Runoff Volume=0.152 af
Runoff Depth=0.41"
Flow Length=2,055'
Tc=75.7 min
CN=48
0.40 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 9S: Holden Road
Runoff = 4.11 cfs @ 12.08 hrs,  Volume= 0.293 af,  Depth= 2.73"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
1.288 83 Paved roads w/open ditches, HSG A
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
0.5 150 0.7548 5.0 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.00"
1.5 1,600 0.7548 17.6 Shallow Concentrated Flow, Shallow Concentrated
Paved   Kv= 20.3 fps
2.0 1,750 Total,  Increased to minimum Tc = 5.0 min
Subcatchment 9S: Holden Road
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
4
3
2
1
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=1.288 ac
Runoff Volume=0.293 af
Runoff Depth=2.73"
Flow Length=1,750'
Tc=5.0 min
CN=83
4.11 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Subcatchment 10S: Wood / Grass Combo
Runoff = 0.32 cfs @ 12.24 hrs,  Volume= 0.038 af,  Depth= 0.90"
Runoff by SCS TR-20 method, UH=SCS, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr 10-year  Rainfall=4.50"
Area (ac) CN Description
0.500 58 Woods/grass comb., Good, HSG B
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
6.7 50 0.0600 0.1 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.00"
7.7 400 0.0300 0.9 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps
14.4 450 Total
Subcatchment 10S: Wood / Grass Combo
Runoff
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
0.36
0.34
0.32
0.3
0.28
0.26
0.24
0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
Type III 24-hr 10-year
Rainfall=4.50"
Runoff Area=0.500 ac
Runoff Volume=0.038 af
Runoff Depth=0.90"
Flow Length=450'
Tc=14.4 min
CN=58
0.32 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Reach 1R: DMH1
Inflow Area = 32.180 ac,  Inflow Depth > 0.57"    for  10-year event
Inflow = 6.48 cfs @ 12.08 hrs,  Volume= 1.519 af
Outflow = 6.51 cfs @ 12.09 hrs,  Volume= 1.519 af,  Atten= 0%,  Lag= 0.7 min
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.0 fps,  Min. Travel Time= 0.6 min
Avg. Velocity = 2.3 fps,  Avg. Travel Time= 1.4 min
Peak Depth= 0.86' @ 12.09 hrs
Capacity at bank full= 16.83 cfs
Inlet Invert= 439.70',  Outlet Invert= 435.81'
24.0" Diameter Pipe,  n= 0.025  Corrugated metal
Length= 190.0'   Slope= 0.0205 '/'
Reach 1R: DMH1
Inflow
Outflow
Hydrograph
Time  (hours)
3635343332313029282726252423222120191817161514131211109876
Fl
ow
  (
cf
s)
7
6
5
4
3
2
1
0
Inflow Area=32.180 ac
Peak Depth=0.86'
Max Vel=5.0 fps
D=24.0"
n=0.025
L=190.0'
S=0.0205 '/'
Capacity=16.83 cfs
6.48 cfs
6.51 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 1P: CB1
Inflow Area = 4.492 ac,  Inflow Depth > 0.47"    for  10-year event
Inflow = 0.42 cfs @ 13.38 hrs,  Volume= 0.177 af
Outflow = 0.42 cfs @ 13.38 hrs,  Volume= 0.177 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.42 cfs @ 13.38 hrs,  Volume= 0.177 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 459.18' @ 13.38 hrs
Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 0.0 min ( 978.1 - 978.1 )
Device Routing Invert Outlet Devices
#1 Primary 458.78' 12.0"  x 30.6' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 458.35'   S= 0.0141 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=0.42 cfs @ 13.38 hrs  HW=459.18'   (Free Discharge)
1=Culvert  (Barrel Controls 0.42 cfs @ 2.1 fps)
Pond 1P: CB1
Inflow
Primary
Hydrograph
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Inflow Area=4.492 ac
Peak Elev=459.18'
12.0" x 30.6' Culvert
0.42 cfs
0.42 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 2P: CB2
Inflow Area = 5.851 ac,  Inflow Depth > 1.00"    for  10-year event
Inflow = 4.72 cfs @ 12.08 hrs,  Volume= 0.489 af
Outflow = 4.72 cfs @ 12.08 hrs,  Volume= 0.489 af,  Atten= 0%,  Lag= 0.0 min
Primary = 4.72 cfs @ 12.08 hrs,  Volume= 0.489 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 459.51' @ 12.08 hrs
Plug-Flow detention time= 0.0 min calculated for 0.489 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 874.4 - 874.4 )
Device Routing Invert Outlet Devices
#1 Primary 458.35' 24.0"  x 334.3' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 454.70'   S= 0.0109 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=4.57 cfs @ 12.08 hrs  HW=459.49'   (Free Discharge)
1=Culvert  (Barrel Controls 4.57 cfs @ 3.6 fps)
Pond 2P: CB2
Inflow
Primary
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Inflow Area=5.851 ac
Peak Elev=459.51'
24.0" x 334.3' Culvert
4.72 cfs
4.72 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 3P: CB3
Inflow Area = 5.939 ac,  Inflow Depth > 1.04"    for  10-year event
Inflow = 5.05 cfs @ 12.08 hrs,  Volume= 0.513 af
Outflow = 5.05 cfs @ 12.08 hrs,  Volume= 0.513 af,  Atten= 0%,  Lag= 0.0 min
Primary = 5.05 cfs @ 12.08 hrs,  Volume= 0.513 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 455.81' @ 12.08 hrs
Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 0.0 min ( 870.8 - 870.8 )
Device Routing Invert Outlet Devices
#1 Primary 454.70' 24.0"  x 274.4' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 446.37'   S= 0.0304 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=4.90 cfs @ 12.08 hrs  HW=455.79'   (Free Discharge)
1=Culvert  (Inlet Controls 4.90 cfs @ 2.8 fps)
Pond 3P: CB3
Inflow
Primary
Hydrograph
Time  (hours)
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Inflow Area=5.939 ac
Peak Elev=455.81'
24.0" x 274.4' Culvert
5.05 cfs
5.05 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 4P: CB4
Inflow Area = 6.513 ac,  Inflow Depth > 1.05"    for  10-year event
Inflow = 5.48 cfs @ 12.08 hrs,  Volume= 0.571 af
Outflow = 5.48 cfs @ 12.08 hrs,  Volume= 0.571 af,  Atten= 0%,  Lag= 0.0 min
Primary = 5.48 cfs @ 12.08 hrs,  Volume= 0.571 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 447.53' @ 12.08 hrs
Plug-Flow detention time= 0.0 min calculated for 0.570 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 870.1 - 870.1 )
Device Routing Invert Outlet Devices
#1 Primary 446.37' 24.0"  x 288.2' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 440.62'   S= 0.0200 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=5.31 cfs @ 12.08 hrs  HW=447.51'   (Free Discharge)
1=Culvert  (Inlet Controls 5.31 cfs @ 2.9 fps)
Pond 4P: CB4
Inflow
Primary
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Inflow Area=6.513 ac
Peak Elev=447.53'
24.0" x 288.2' Culvert
5.48 cfs
5.48 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 5P: CB5
Inflow Area = 6.588 ac,  Inflow Depth > 1.08"    for  10-year event
Inflow = 5.76 cfs @ 12.08 hrs,  Volume= 0.592 af
Outflow = 5.76 cfs @ 12.08 hrs,  Volume= 0.592 af,  Atten= 0%,  Lag= 0.0 min
Primary = 5.76 cfs @ 12.08 hrs,  Volume= 0.592 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 442.19' @ 12.08 hrs
Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)
Device Routing Invert Outlet Devices
#1 Primary 440.62' 24.0"  x 185.3' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 439.70'   S= 0.0050 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=5.59 cfs @ 12.08 hrs  HW=442.16'   (Free Discharge)
1=Culvert  (Barrel Controls 5.59 cfs @ 3.0 fps)
Pond 5P: CB5
Inflow
Primary
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Inflow Area=6.588 ac
Peak Elev=442.19'
24.0" x 185.3' Culvert
5.76 cfs
5.76 cfs
Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 6P: CB6
Inflow Area = 0.192 ac,  Inflow Depth > 3.29"    for  10-year event
Inflow = 0.73 cfs @ 12.07 hrs,  Volume= 0.053 af
Outflow = 0.73 cfs @ 12.07 hrs,  Volume= 0.053 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.73 cfs @ 12.07 hrs,  Volume= 0.053 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 440.27' @ 12.07 hrs
Plug-Flow detention time= 0.0 min calculated for 0.053 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 797.7 - 797.7 )
Device Routing Invert Outlet Devices
#1 Primary 439.67' 12.0"  x 74.0' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 439.00'   S= 0.0091 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=0.70 cfs @ 12.07 hrs  HW=440.25'   (Free Discharge)
1=Culvert  (Barrel Controls 0.70 cfs @ 2.1 fps)
Pond 6P: CB6
Inflow
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Inflow Area=0.192 ac
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Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 7P: Proposed Diversion Manhole
Inflow Area = 32.180 ac,  Inflow Depth > 0.57"    for  10-year event
Inflow = 6.51 cfs @ 12.09 hrs,  Volume= 1.519 af
Outflow = 6.51 cfs @ 12.09 hrs,  Volume= 1.519 af,  Atten= 0%,  Lag= 0.0 min
Primary = 6.51 cfs @ 12.09 hrs,  Volume= 1.519 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 437.16' @ 12.09 hrs
Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)
Device Routing Invert Outlet Devices
#1 Primary 435.81' 24.0"  x 55.0' long Culvert   CPP, projecting, no headwall,  Ke= 0.900   
Outlet Invert= 435.00'   S= 0.0147 '/'   Cc= 0.900   
n= 0.025  Corrugated metal   
Primary OutFlow  Max=6.35 cfs @ 12.09 hrs  HW=437.14'   (Free Discharge)
1=Culvert  (Barrel Controls 6.35 cfs @ 4.1 fps)
Pond 7P: Proposed Diversion Manhole
Inflow
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Inflow Area=32.180 ac
Peak Elev=437.16'
24.0" x 55.0' Culvert
6.51 cfs
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Type III 24-hr 10-year  Rainfall=4.50"282-001 MQP_Sterling MA
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Pond 8P: POND
Inflow Area = 32.180 ac,  Inflow Depth > 0.57"    for  10-year event
Inflow = 6.51 cfs @ 12.09 hrs,  Volume= 1.519 af
Outflow = 2.55 cfs @ 14.12 hrs,  Volume= 1.519 af,  Atten= 61%,  Lag= 121.7 min
Discarded = 0.63 cfs @ 14.12 hrs,  Volume= 1.086 af
Primary = 1.92 cfs @ 14.12 hrs,  Volume= 0.433 af
Routing by Stor-Ind method, Time Span= 6.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 436.77' @ 14.12 hrs   Surf.Area= 0.260 ac   Storage= 0.413 af
Plug-Flow detention time= 243.3 min calculated for 1.519 af (100% of inflow)
Center-of-Mass det. time= 243.3 min ( 1,191.1 - 947.8 )
Volume Invert Avail.Storage Storage Description
#1 435.00' 1.423 af 70.00'W x 130.00'L x 5.00'H Prismatoid  Z=3.0
Device Routing Invert Outlet Devices
#1 Discarded 0.00' 2.400 in/hr Exfiltration over Surface area   
#2 Primary 436.64' 12.0' long  (Profile 9) Broad-Crested Rectangular Weir   
Head (feet)  1.97  2.46  2.95  3.94  4.92   
Coef. (English)  3.55  3.55  3.57  3.60  3.66   
Discarded OutFlow  Max=0.63 cfs @ 14.12 hrs  HW=436.77'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.63 cfs)
Primary OutFlow  Max=1.90 cfs @ 14.12 hrs  HW=436.77'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 1.90 cfs @ 1.3 fps)
Pond 8P: POND
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Inflow Area=32.180 ac
Peak Elev=436.77'
Storage=0.413 af
6.51 cfs
2.55 cfs
0.63 cfs
1.92 cfs
